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EDITORIAL. 


The   Year's   Progress. 


The  Illuminating  Engineer  has 
now  entered  upon  its  sixth  year 
of  existence.  In  accordance 
with  our  usual  custom  at  the 
commencement  of  a  new 
volume,  we  propose  to  review 
very  briefly  some  of  the  events 
of  the  past  year.  On  this  occa- 
sion there  is  no  need  to  do  so 
in  any  detail.  Some  of  the  most 
important  developments  were 
dealt  with  in  the  '  Report  of 
Progress  during  the  Vacation,' 
presented  at  the  meeting  of  the 
Illuminating  Engineering  So- 
ciety on  November  igth,  while 
others  were  summarized  in  the 
Report  of  the  Council  presented 
at  the  Annual  Meeting. 


Members  of  the  Illuminating 
Engineering  Society  have  every 
reason  to  be  satisfied  with  the 
progress  of  the  past  year.  The 
papers  read  have  been  of  an 
exceptionally  interesting  and 
practical  character,  and  have 
received  considerable  attention 
in  the  press.  The  Society  has 
consolidated  its  international 
connexion  by  securing  the  sup- 
port of  many  influential  authori- 
ties on  the  Continent  and  the 
United  States.  Its  membership 
has  grown  substantially  during 
the  year,  many  different  profes- 
sions and  all  the  chief  methods 
of  lighting  being  represented. 
Nevertheless,  in  order  that  the 
Society  may  successfully  carry 
out  the  work  before  it,  a  con- 
siderably increased  membership 


THE    ILLUMINATING   ENGINEEK. 


is  to  be  desired,  and  \vc  hope 
that  during  next  year  the  pre- 
sent rate  of  increase  will  be  not 
only  maintained,  but  exceeded. 
The  Illuminating  Engineering 
movement  is  now  about  to  enter 
on  a  new  stage.  During  the 
past  five  years  much  uphill 
work  has  been  done,  and  we 
are  glad  to  see  that  proper 
recognition  is  now  being  given 
to  our  endeavours,  and  that 
our  efforts  are  meeting  with 
encouragement.  We  can  fairly 
claim  to  have  established  the 
need  for  illuminating  engineer- 
ing, and  demonstrated  its  use- 
fulness to  the  general  public. 

The  proceedings  at  the  Con- 
gress for  the  Prevention  of  In- 
dustrial Accidents  in  Milan ; 
the  increased  attention  paid  to 
lighting  in  the  Reports  of  H.M. 
Chief  Inspector  of  Factories;  the 
recommendations  of  the  Depart- 
mental Committee  on  Accidents 
in  Factories ;  and,  finally,  the 
announcement  of  the  Home 
Secretary  that  a  Departmental 
Committee  on  Illumination  is 
to  be  formed  in  this  country, 
must  create  a  demand  for  im- 
proved industrial  illumination. 
The  special  course  of  lectures 
on  Illuminating  Engineering  has 
been  repeated  at  the  Regent 
Street  Polytechnic,  and  we  have 
again  to  record  a  large  number 
of  papers  before  Societies  and 
articles  in  the  press  on  the 
subject. 

In  connexion  with  mines  the 
standard  of  lighting  is  rising, 
and  as  a  result  of  the  Home 
Office  inquiry  improved  forms 
cf   miners'    lamps    are   coming 


into  use.  In  the  same  way  the 
work  that  members  of  the  So- 
ciety have  been  doing  on  Com- 
mittees dealing  with  schools, 
street,  and  library  lighting  will 
have  its  effect. 

The  discussion  aroused  by  the 
public  lighting  investigations  in 
Holborn,  Westminster,  the  City 
of  London,  and  more  recently  in 
Manchester,  have  revealed  not 
only  keenness,  but  a  distinct 
advance  in  technical  knowledge. 
The  lighting  of  shops  in  the 
West-End  of  London  is  beyond 
question  better  than  it  used  to 
be  ;  and  railways,  particularly 
some  of  the  tubes  in  London, 
are  showing  considerable  enter- 
prise in  devising  new  lighting 
arrangements.  Several  of  them 
have  recently  organized  illumi- 
nating engineering  departments. 

Meantime  the  outlook  of  those 
concerned  with  the  technicali- 
ties of  lighting  has  also  under- 
gone a  change.  There  has  been 
a  pause  in  the  stream  of  inven- 
tions dealing  with  lamps,  and 
this  has  favoured  the  develop- 
ment of  appliances  for  directing 
the  light — shades,  reflectors,  in- 
direct and  semi-indirect  fixtures, 
&c.  It  is  now  becoming  quite 
usual  to  furnish  data  regarding 
the  intensity  and  distribution  of 
light  from  lamps  and  fixtures, 
and  the  types  of  reflectors  most 
suitable  for  various  problems  in 
illumination.  At  one  time  very 
few  firms  appreciated  the  value 
of  a  polar  curve.  To-day,  as 
the  display  at  the  Optical  Con- 
vention last  June  proved,  there 
are  quite  a  number  of  firms, 
both  gas  and  electric,  that  pro- 
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vide  such  information,  and  have 
devised  apparatus  for  obtaining 
it.  A  few  years  ago  there  were 
few  people  who  understood 
anything  about  ihumination 
measurements.  Now  the  de- 
mand is  growing.  During  the 
past  year  quite  a  number  of 
firms  have  brought  out  instru- 
ments of  this  kind,  while  others 
are  said  to  be  about  to  do  so. 

Proposed  Legislation  on  Factory 
Lighting  in  New  York. 


Readers  of  this  Journal  are 
aware  of  the  efforts  being  made 
in  this  country  to  improve  fac- 
tory lighting.  It  is  interesting 
to  observe  that  similar  steps 
are  now  being  taken  in  the 
United  States.  In  our  present 
number  (p.  i6)  we  publish  an 
abstract  from  a  proposed  Bill 
which  is  receiving  the  attention 
of  the  New  York  States  Fac- 
tory Commission.  If  approved, 
this  Bill  is  expected  to  come 
into  force  from  October  ist, 
19 13.  The  Bill  requires,  in 
general  terms,  the  provision  of 
adequate  lighting  of  factories. 
Such  a  recommendation  was 
also  proposed  by  the  Depart- 
mental Committee  on  Accidents 
in  this  country,  and  it  is  actually 
embodied  in  the  latest  Indian 
Factory  Act.  (See  p.  16.) 
When  in  New  York  the  writer 
had  an  interview  with  Mr.  A.  I. 
Elkus,  chief  counsel,  and  Mr. 
R.  F.  Wagner,  the  chairman,  of 
the  New  York  Factory  Investi- 
gating Commission,  who  ha\e 
taken  a  keen  interest  in  this 
work,  and  to  whose  efforts  the 


promotion  of  this  Bill  is  largely 
due.  The  first  step  having  now 
been  taken,  the  enterprising 
action  of  New  York  will  doubt- 
less be  followed  in  other  States. 

The  necessity  of  more  specific 
legislation  on  the  subject  of 
illumination  has  long  been 
felt.  The  inclusion  of  a  refer- 
ence to  illumination  marks  a 
distinct  step  forward.  The 
question  remains,  however,  how 
to  specify  exactly  what  is 
meant  by  "  adequate  illumina- 
tion." This  is  a  matter  which 
the  New  York  authorities  are 
now  considering,  and  we  feel 
sure  that  they  will  proceed  in  a 
cautious  and  judicious  manner 
in  framing  tentative  recom- 
mendations. It  will  doubtless 
be  dealt  with  by  the  Depart- 
mental Committee  on  Illumina- 
tion about  to  be  appointed  in 
this  country,  and,  in  due  course, 
by  the  authorities,  in  the  other 
countries  interested.  The  results 
of  all  these  investigations  should 
be  collected  and  compared  be- 
fore final  detailed  legislation  is 
embarked  upon. 

One  can  well  understand  the 
immense  influence  that  legisla- 
tion of  this  kind,  even  if  only 
of  a  tentative  and  preparatory 
character,  must  exert  on  those 
concerned  with  industrial  light- 
ing. Hitherto  we  have  been  in 
the  position  of  enthusiasts  try- 
ing to  induce  others  to  appre- 
ciate the  need  for  good  illu- 
mination as  we  do.  But  once 
this  need  is  recognized  officially, 
and  recommendations  on  the 
subject  are  incorjiorated  in  the 
Factory  Acts,  it  will  become  a 
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public  duty  to  study  illumina- 
tion, and  a  great  impetus  to 
the  Illuminating  Engineering 
Movement  will  be  given. 

As  we  write  these  words  the 
news  arrives  that  the  Academie 
Royale  de  Medecine  de  Belgique 
has  passed  a  resolution  asking 
the  Belgian  Government  to  ap- 
point a  Commission  on  Illumina- 
tion similar  to  that  in  existence 
in  France.  This  important  reso- 
lution, supplementing  previous 
efforts  in  this  direction,  will 
doubtless  be  favourably  enter- 
tained by  the  Government. 

I  Indirect   Lighting.  ! 

The  paper  read  at  the  last 
meeting  of  the  Illuminating  En- 
gineering Society  by  Messrs. 
F.  \V.  \\'illcox  and  H.  C.  Wheat 
on  '  Indirect  Lighting '  (pp.  19- 
38)  contained  an  interesting 
summary  of  the  merits  of  this 
method  of  illumination,  and  was 
illustrated  b}''  a  great  variety 
of  views  of  installations.  These 
should  form  a  useful  record 
on  which  the  authors  may 
be  congratulated.  At  the  pre- 
sent time  indirect  and  semi- 
indirect  lighting  methods  are 
being  developed  by  quite  a 
number  of  firms  interested  in 
lighting.  Most  of  these  fittings 
have  hitherto  been  electrical, 
but  indirect  and  semi-indirect 
gas  units  are  now  coming  for- 
ward also.  The  development 
of  these  systems  seems  to  be  in 
the  nature  of  a  reaction  against 
"  glare,"  (due  largely  to  the 
excessive  intrinsic  brilliancy  of 
some  types   of   modern  illumi- 


nants)  on  which  so  much  stress 
was  laid  in  the  first  session  of 
the  Illuminating  Engineering 
Society.  The  complete  screen- 
ing of  the  source  of  light 
from  the  eyes  may  be  an  advan- 
tage. There  also  are  no  doubt 
many  cases  when  it  is  desirable 
for  the  light  to  be  spread  out 
over  a  large  area,  and  to  pene- 
trate into  every  corner  of  the 
room.  In  these  circumstances 
the  method  should  be  specially 
useful. 

At  the  same  time,  we  think 
that  it  would  be  injudicious  to 
put  this  method  forward  as 
being  applicable  to  the  lighting 
of  almost  every  class  of  building, 
or  rooms  of  any  size.  There  will 
always  be  opportunities  for  both 
direct  and  indirect  systems ; 
indirect  and  semi-indirect  met- 
hods of  arclighting  have  already 
been  proved  to  possess  a  special 
field  of  utility. 

The  semi  -  indirect  system 
occupies  a  position  intermediate 
between  direct  and  indirect 
lighting  and  may  commend 
itself  to  many  people  for  this 
reason. 

The  claims  made  that  indirect 
hghting  is  "  restful  to  the  eyes  " 
deserve  fuller  investigation.  The 
comparatively  sm.all  number  of 
installations  as  yet  in  existence 
in  England,  and  the  short  time 
that  has  elapsed  since  many  of 
them  were  installed  naturally 
incline  one  to  caution  before 
recommending  general  adoption 
of  the  method.  It  will  be 
interesting  to  watch  the  further 
developments  of  the  system. 
Leon  Gaster. 
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The  Editor  while  not  soliciting  contributions,  is  ivilling  to  consider  the  publication 
of  original  articles  submitted  to  him,  or  letters  intended  for  inclusion  in  the 
correspondence  columns  of '  The  Illuminating  Engineer.' 

The  Editor  dots   not  necessarily  identify   himself  with  the  opinions  expressed 
by  his  contributors. 

Measurements  of  Illumination  in  the  Streets.* 

By  Dr.  K.  Bunte. 

ABSTRACT. 

[In  this  article  Dr.  Bunte  shows  how  the  treatment  of  street  illumination  has  developed  from  a 
rule  of  thumb  process  to  a  science.  The  gas  engineer  must  now  be  an  illuminating  engineer. 
Tne  illumination  at  any  required  spot  may  be  calculated  from  the  polar  curve  of  light  distribution. 
Dr.  Bunte  explains  how  the  curve  showing  the  illumination  at  the  ground  level  may  be  mapped 
out  for  a  certain  lamp  at  a  prescribed  heiuht,  and  how  lamps  should  be  spaced  to  give  even  efEects. 
A  table  of  the  minimum  illumination  permissible  in  various  types  of  ttreets  is  also  given.  Dr.  Bunte 
points  out  some  of  the  ditliculties  to  be  met  with  in  street  lighting,  and  emphasizes  the  need  for 
practical  measurements  of  illumination  in  order  to  check  the  calculated  data.  He  advocates  that 
measurements  of  illumination  should  he  in  a  horizontal  plane  one  metre  above  the  pavement,  and 
explains  why  such  measurements  are  preferable  to  vertical  values.  Finally  he  lays  stress  on 
testhetic  considerations  which  must  always  be  remembered  in  placning  the  position  of  the  lamps 
and  selecting  the  lamp-posts,  globes,  >kc.] 


At  the  time  when  the  gas  engineer 
reUed  upon  a  single  type  of  upright 
lamps  it  was  an  easy  task  to  light  the 
streets.  For  he  could  only  place  the 
lamps  the  usual  distance  apart  (15,430 
meters)  alternately  to  the  right  and 
left. 

To  strengthen  the  illumination  in 
the  principal  streets  he  put  the  lamp- 
posts closer  together  ;  or,  when  he 
wanted  to  produce  a  specially  brilliant 
lighting  effect,  he  put  t^o  or  more 
burners  in  the  lamps.  There  was  not 
much  to  design  or  calculate,  and  the 
measurement  of  strength  of  illumina- 
tion on  the  street  was,  from  a  practical 
standpoint,  unnecessary^ ;  one  could 
easily  see  if  it  Avere  light  enough. 
There  was  then  nothing  said  of  illu- 
minating engineering. 

But  to-day  it  is  unfortunate  that 
one  litill  fre(piently  hears  the  opinion 
expressed,  that  there  is  no  need  for 
calculations,  or  even  measurements  of 

*  Abstiactof  Paper  read  at  a  Meeting  of  the 
VereinJSiichsisch-Thiiringischcr  (ins  und  Wasscr- 
faclinia'iuer  :  Jour.  f.  Llasbd.,  Dec.  7,  r.M2. 


illumination ;  this  is  sometimes  the 
feeling  of   the   practical   gas   engineer. 

The  conditions  are  entirely  changed 
owing  to  the  keen  competition  between 
the  various  methods  of  illumination, 
including  as  they  do  the  upright 
burner  and  inverted  gas  burner,  low- 
jjressure  high  candle-poA\'er  gas  lamps, 
colnpressed  air  and  compressed  gas 
lamps  ;  this  is  even  more  evident 
when  other  illuuiinants  besides  gas  are 
considered.  One  has  to  choose  between 
different  types  of  lami)s  and  decide 
upon  the  arrangement  of  them  in 
order  to  produce  a  certain  clt'ect  at 
the  least  possible  cost. 

To-day  the  gas  engineer  must  also 
be  an  illuminating  engineer;  he  must 
calculate  his  illumination,  and  then, 
by  means  of  measurement,  verify  his 
results  in  order  to  be  abk'  subsecjiiently 
to  correct  for  tlie  many  small  factors 
which  are  entailed  in  his  calculations, 
or  to  estimate  them  \\\i\\  greater 
precision  in  future.  There  can  be 
nothing  new  in  what  1  A\ish  to  bring 
before  j'ou,  but  I  hope  it  will  be  inter- 
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Table  I. 


Cos  30  =  0-8«6  Cos  fO=0-fi43Cos  80  =  0-174 


Cos    0= 

=  i-oou 

J 

10°= 

=0-985 

• 

20°= 

=0-940 

40  =  0-76n 
4o  =  0-7l)7 


6u  =  0-o('0    ,,     9t'= 
70  =  0-3121 


=0  000 


esting  to  many  to  liear  a  brief  summary  The  values  of  the  cosine  of  angles  of 
of  the  fundamental  points  in  the  calcu-  incidence  from  0-90°  are  showTi  in  the 
lation  and  measurement  of  illumination,    following  table  : — 

A  lamp — say,  a  high-pressure  gas 
lamp  of  nominal  2,000  H.K. — emits 
diifcrcnt  intensities  in  various  direc- 
tions. In  the  photometric  laboratory 
one  can  calculate  bj^  \vell  -  known 
methods  the  strength  of  hght  of  the 
lamp  at  these  different  angles,  and 
obtain  a  joolar  curve  of  light  dis- 
tribution. From  this  curve  one  can, 
by  various  calculations  and  graphical 
construction,  detennine  the  mean  loAver 
hemispherical  candle  power.  This 
quantity  in  general  characterizes  the 
practical  value  of  the  lamp. 

Now,  if  one  placed  such  a  lamp 
about  10  metres  high,  one  could  reckon 
from  the  polar  curve  what  strength  of 
illumination  to  expect  at  any  par- 
ticular spot  in  the  neighbourhood.  The 
unit  of  illumination  is  the  lux.  A  lux, 
formerh"  known  as  the  metre-candle, 
is  defined  as  the  illumination  which  a 
Hefner  lamp  A\ill  produce  upon  a 
vertical  surface  1  metre  distant. 


If  one  replaces  the  Hefner  lamp  by 
a  source  of  2,000  H.K.,  one  metre 
distant,  the  illumination  would  be 
2,000  lux.  If  one  removes  the  surface 
at  present  receiving  a  certain  flux 
of  light  to  a  further  distance  away, 
the  area  over  which  this  flux 
of  light  is  distributed  increases  as 
the  square  of  the  distance — i.e.,  the 
illumination  varies  inversely  as  the 
sfiuarc  of  the  distance  away.  The 
illumination  E  at  distance  r=intensity 
of  source  J,  divided  by  the  square  of 

the  distance— i.e.,  E=  -,,  (the  1st  Lam- 
r- 

bert  law).  But  the  light  very  seldom 
falls  vertically  upon  the  surface  illu- 
minated. In  general  most  of  the  rays 
of  hglit  will  fall  at  some  angle  with  the 
vertical  ;  this  one  calls  the  "  angle  of 
incidence."  The  entire  flux  of  light 
will  therefore  cover  a  larger  surface,  and 
the  strength  of  illumination  Mill  l)e 
correspondingly  less.  The  law  govern- 
ing this  diminution  of  illumination  (the 
"  2nd  Lambert  law,"  or  "  Cosine 
law  •')  states  that  the  illumination  is 
(m>porti(»nal  to  tlie  cosine  of  the  angle 
<yf  incidence. 


Between  0°  and  90°  the  cosine 
passes  through  values  from  I  to  0,  so 
that  the  illumination  will  be  diminished 
by  nine -tenths  at  an  angle  of  incidence 
of  25°,  and  by  three-fourths  at  40°, 
two-thirds  at  50°,  one-half  at  60°,  and 
about  one-third  at  70°  and  about  one- 
fourth  at  75°. 

By  the  aid  of  these  two  laws  one 
is  in  the  position  to  calculate  the  illu- 
mination at  any  desired  point.  Let 
us  take,  say,  a  lamp  h  metres  high. 
We  find  that  the  illumination  of  a 
surface  at  a  distance  a  metres  from  the 
foot  of  the  lamp,  measured  perj^endicu- 
lar    to    the    direction    of    the    rays,    is 

E=  —    -where  r=  s/F+o^.      The   illu- 

mination  of  a  horizontal  surface  at  the 
same  place  is,  then,  by  the  2nd  Lam- 

J  Cos  a, 


bert  law,  E: 


h 


and  by  substitut- 
J  X  ^ ; 


ing  for  Cos  a,       we    obtain  E 

or,  at  a  height  h  and  at  a  distance  from 

Jxh  „         ^, 

Irom  the 

one     can 
h 


(V  A' +«'.)' 
k 


the  lamp  a,  E  = 

q  uot  lent     E = J  X ; — f-r-, — ^. 

noM-  tabulate  the  value  of       /jji-i-n^^ 

for  various  conditions.  We  now  obtain 
from  the  polar  curve  of  the  lamp  the 
value  of  J  at  the  required  angles,  and 
subsequently,  by  multiplying  these 
figures  by  the  factors  from  Table  II., 
we  get  the  value  of  the  illumination  at 
distances  I,  2,  3,  &c.,  metres  from  tlie 
foot  of  the  lamp. 

Making  this  value  the  ordinate,  and 
the  distance  of  the  foot  of  the  lamp  the 
abscissa,  we  obtain  the  curve  of  illu- 
mination of  the  lamp  hung  at  a  pre- 
scribed height. 
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These  curves  have  been  worked  out 
or  different  heights  for  most  sources 
)f  hght  commonly  used,  and  are 
available  for  the  illuminating  engineer. 
^ov  example,  in  Bertelsmann's  book 
'  Die  Vemvendung  des  Leuchtgases,' 
'•ol.  ii.). 

In  lighting  a  street  one  must  take 
nto  account  its  character,  namely, 
v'hether  it  is  a  by-street  or  main  street, 
>r  a  great  business  thoroughfare  with 
^ery  heavy  traffic  ;  the  strength  and 
lluinination  necessary  is  different  in 
ach  of  these  cases.  The  following 
Dable  gives  the  lowest  illumination 
)ermissible  (Bertelsmann)  : — 

5y  -  streets      with     little 

traffic 0- 3-0-5  lux 

5y  -  streets      with      fair 

amount  of  traffic  ..     0-5-10    ,, 

Iain  streets  . .  . .      1-5-20     ,, 

Iain  streets  with  heavy 

traffic  and  refuges        ..      30-50     ,, 

One  has  also  to  decide  the  position  of 
he  lamp-posts  or  the  arrangement  of 
r^ires  overhead;  as  well  as  the  safe 
eight  for  the  lamps.  Then  one  must 
ake  into  account  the  nature  of  the 
raffic  in  the  street,  the  existence  of 
verhead  tramway  wires,  the  possible 
bscuring  of  light  by  trees,  and, 
bove  all,  not  lose  sight  of  aesthetic 
onsiderations. 

Having  thus  determined  the  position 
nd  height  of  the  lamps,  and  sketched 
hese  in  the  plan  of  the  street,  one  next 
bscrves  the  point  most  distant  from 
wo  neighbouring  lamps,  measures  with 
he  dividers  its  distance  from  each 
imp,  and  obtains  from  the  curves  the 
lumination  which  may  be  expected 
o  be  derived  from  the  type  of  lamp 
sed.  The  illumination  at  this  ]ioint 
lay  be  regarded  as  the  minimum,  and 
hould  not  fall  below  the  values  s})ecitied 
bove.  The  ratio  of  the  illumination 
iirectly  under  the  lamp  (or  the  maxi- 
iium  ilhunination)  to  this  minimum 
Ihimination  is  called  the  "  Diversity- 
coefficient."  It  must  not  be  too  high, 
nd  in  general  should  not  exceed  10. 

If,  for  instance,  one  is  obliged, 
wing  to  the  obstruction  of  trees,  to 
ang  the  lamps  low,  and  therefore 
ecides    to    use    very   powerful    lamps 


in  oixler  to  secure  the  specified  mini- 
mum illumination  at  the  least  well- 
lighted  spot,  an  unsatisfactory  effect 
would  be  produced  owing  to  the 
diversity-factor  being  too  high.  One 
should  therefore  choose  sources  of 
light  of  lower  intensity  and  space  them 
nearer  together. 

Again,  supposing  that,  on  account  of 
the  overhead  traniAvay  wires,  one  has 
placed  lamps  of  medium  intensity 
relatively  high.  One  then  obtains  a 
very  uniform  illumination,  but  one 
needs  proportionately  more  lamps  in 
order  to  secure  that  the  illumination 
nowhere  falls  beloAV  the  specified  figure. 
At  this  point  the  costs  of  construc- 
tion and  distribution  will  make  them- 
selves felt,  acting  as  a  correcting  factor, 
and  already  indicating  that  the  scheme 
is  not  an  efficient  one.  A  scheme 
involving  stronger  lights  at  greater 
distances  apart,  or  possibly  lamps  hung 
at  the  sides  of  the  road  at  a  lower 
level,  will  therefore  be  considered. 
This  example  should  suffice  to  show 
the  nature  of  the  preliminary  calcula- 
tions preceding  a  decision  on  a  scheme 
of  street  lighting. 

The  above  remarks  naturall}^  assume 
that  the  polar  curves  of  the  lamps  are 
readily  available,  either  from  the  manu- 
facturers or  in  the  literature  on  the 
subject,  and  that  these  values  are 
actually  reached  in  practice.  In 
Berlin,  and  in  till  places  which,  like 
Berlin,  use  a  considerable  addition  of 
Avater-gas,  this  will  be  true.  Oasworks, 
however,  whicii  generate  pure  coal- 
gas  will  do  A\ell  to  test  their  lamps 
before  hanging  them  up,  and  to  see 
that  the  necessary  adjustments  for 
the  local  quality  of  gas  are  carried  out. 

Unfortunately,  considerable  devia- 
tions from  the  results  obtained  in 
Berlin  have  become  ai)parent  when  the 
highly  efficient  lamps  of  the  latest 
construction  are  used  Mithout  proper 
adaptation  to  widely  different  condi- 
tions. 

Another  point  which  it  is  iiuportant 
to  take  into  account  is  the  influence  of 
shades  and  reHeefors.  One  must  ascer- 
tain if  the  given  illumination  and  polar 
curve  refei's  to  the  naked  lamp  or  to 
a  lamp  witli  a  shade  or  reflector.     The 


6 


THE   ILLUMINATING  ENGINEER. 


esting  to  many  to  hear  a  brief  summary 
of  the  fundamental  points  in  the  calcu- 
lation and  measurement  of  illumination. 

A  lamp — sa}',  a  high-pressure  gas 
lamp  of  nominal  2,000  H.K. — emits 
different  intensities  in  various  direc- 
tions. In  tlie  photometric  laboratory 
one  can  calculate  by  well  -  known 
methods  the  strength  of  light  of  the 
lamp  at  these  different  angles,  and 
obtain  a  polar  curve  of  light  dis- 
tribution. From  this  curve  one  can, 
by  various  calculations  and  graphical 
construction,  determine  the  mean  lower 
liemispherical  candle  poAver.  This 
quantity  in  genera)  characterizes  the 
practical  value  of  the  lamp. 

Now,  if  one  placed  such  a  lamp 
about  10  metres  high,  one  could  reckon 
from  the  polar  curve  what  strength  of 
illumination  to  expect  at  any  par- 
ticular spot  in  the  neighbourhood.  The 
unit  of  illumination  is  the  lux.  A  lux, 
formerly  known  as  the  metre-candle, 
is  defined  as  the  illumination  Avhich  a 
Hefner  lamp  A\ill  produce  upon  a 
vertical  surface  1  metre  distant. 

If  one  replaces  the  Hefner  lamp  by 
a  source  of  2,000  H.K.,  one  metre 
distant,  the  illumination  would  be 
2,000  hix.  If  one  removes  the  surface 
at  present  receiving  a  certain  flux 
of  light  to  a  further  distance  aA\ay. 
the  area  over  which  this  fliix 
of  light  is  distributed  increases  as 
the  square  of  the  distance — i.e.,  the 
illumination  varies  inversely  as  the 
square  of  the  distance  away.  The 
illumination  E  at  distance  r= intensity 
of  source  J,  divided  by  the  square  of 

the  distance — i.e.,  E=  -,  (the  1st  Lam- 
r- 

bert  law).  But  tlie  light  very  seldom 
falls  vertically  upon  the  surface  illu- 
minated. In  general  most  of  the  rays 
of  light  \\>\\  fall  at  some  angle  Avith  the 
vertical  ;  this  one  calls  tlic  "  angle  of 
in(  idence."  The  entire  flux  of  light 
Avill  therefore  coA'cr  a  larger  surface,  and 
the  strength  of  illumination  Avill  ])e 
correspondingly  less.  The  laAv  govern- 
ing this  diminution  of  illumination  (the 
'■  2nd  Lambert  laAv,"  or  "  Cosine 
laAV  ")  states  that  the  illumination  is 
proportional  to  the  cosine  of  the  angle 
of  incidence. 


The  values  of  the  cosine  of  angles  of 
incidence  from  O-OO""  are  sho\A-n  in  the 
folloA\ing  table  : — 


Table  I. 


Between  0°  and  90°  the  cosine 
passes  through  A^alues  from  1  to  0,  so 
that  the  illumination  Avill  be  diminished 
by  nine-tenths  at  an  angle  of  incidence 
of  25",  and  by  three-fourths  at  40°, 
tAvo-thirds  at  50°,  one-half  at  60°,  and 
about  one-third  at  70°  and  about  one- 
fourth  at  75°. 

By  the  aid  of  these  tAvo  laAvs  one 
is  in  the  position  to  calculate  the  illu- 
mination at  any  desired  point.  Let 
us  take,  say,  a  lamp  h  metres  high. 
We  find  that  the  illumination  of  a 
surface  at  a  distance  a  metres  from  the 
foot  of  the  lamp,  measured  perpendicu- 
lar   to    the    direction    of    the    rays,    is 

E=  7,  Avhere  r=  ^hr+d\  The  illu- 
mination of  a  horizontal  surface  at  the 
same  place  is,  then,  by  the  2nd  Lam- 

: ^ — '  and  b}'  substitut- 


bert  laAV.  E  = 


h 


ing  for  Cos  a,   -  wre 
r 


obtain  E^ 


Jxfe; 


or,  at  a  height  h  and  at  a  distance  from 
Jxh 


the  lamp  a,  E^ 


h 


From  the 


quotient  E=Jx— p-— .j-,  one  can 
now  tabulate  the  \-alue  of  -- — j~- — — 

for  A'arious  conditions.  We  noAv  obtain 
from  the  polar  curA'e  of  the  lamp  the 
A'alue  of  J  at  the  required  angles,  and 
subsequently,  by  multiplying  these 
figures  by  the  factors  from  Table  II., 
Ave  get  the  value  of  the  illumination  at 
distances  1,  2,  3,  &c.,  metres  from  the 
foot  of  the  lamp. 

Making  this  value  the  ordinate,  and 
the  distance  of  the  foot  of  the  lamp  the 
abscissa,  we  obtain  the  cur\'e  of  illu- 
mination of  the  lamp  hung  at  a  pre- 
scribed height. 
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These  curves  have  been  worked  out 
for  different  heights  for  most  sources 
of  hght  commonly  used,  and  are 
available  for  the  illuminating  engineer. 
For  example,  in  Bertelsmann's  book 
('  Die  Verw-endung  des  Leuchtgases/ 
vol.  ii.). 

In  lighting  a  street  one  must  take 
into  account  its  character,  namely, 
whether  it  is  a  by-street  or  main  street, 
or  a  great  business  thoroughfare  with 
very  heavy  traffic  ;  the  strength  and 
illumination  necessary  is  different  in 
each  of  these  cases.  The  following 
Table  gives  the  lowest  illumination 
permissible  (Bertelsmann)  : — 

By  -  streets      with     little 

'traffic 0-3-0-5  lux 

By  -  streets      with      fair 

amount  of  traffic          . .  0- 5-1-0    ,, 

Main  streets          ..          ..  1-5-20     ,, 
Main  streets  with  heavy 

traffic  and  refuges        ..  30-50     ,, 

One  has  also  to  decide  the  position  of 
the  lamp-posts  or  the  arrangement  of 
wires  overhead;  as  well  as  the  safe 
height  for  the  lamps.  Then  one  must 
take  into  account  the  nature  of  the 
traffic  in  the  street,  the  existence  of 
overhead  tramway  wires,  the  possible 
obscuring  of  light  by  trees,  and, 
above  all,  not  lose  sight  of  aesthetic 
considerations. 

Having  thus  determined  the  position 
and  height  of  the  lamps,  and  sketched 
these  in  the  plan  of  tlie  street,  one  next 
observes  the  point  most  distant  from 
two  neighbouring  lamps,  measures  with 
the  dividers  its  distance  from  each 
lamp,  and  obtains  from  the  curves  the 
illumination  which  may  be  expected 
to  be  derived  from  the  type  of  lamp 
used.  The  illumination  at  this  point 
may  l)e  regarded  as  the  minimum,  and 
should  not  fall  below  the  values  specified 
above.  The  ratio  of  the  illumination 
directly  under  the  lamp  (or  the  maxi- 
nnun  ihumination)  to  this  minimum 
illumination  is  called  the  "  Diversity- 
Coefficient."  It  must  not  be  too  high, 
and  in  general  should  not  exceed  10. 

If,  for  instance,  one  is  obliged, 
owing  to  the  obstruction  of  trees,  to 
hang  the  lamps  low,  and  therefore 
decides     to    use    very   powerful    lamps 


in  order  to  secure  the  specified  mini- 
mum illumination  at  the  least  well- 
lighted  spot,  an  unsatisfactory  effect 
would  be  produced  oM'ing  to  the 
diversity-factor  being  too  high.  One 
should  therefore  choose  sources  of 
light  of  lower  intensity  and  space  them 
nearer  together. 

Again,  supposing  that,  on  account  of 
the  overhead  tramway  wires,  one  has 
placed  lamps  of  medium  intensity 
relatively  high.  One  then  obtains  a 
very  uniform  illumination,  but  one 
needs  proportionately  more  lamps  in 
order  to  secure  that  the  illumination 
nowhere  falls  below  the  specified  figure. 
At  this  point  the  costs  of  construc- 
tion and  distribution  will  make  them- 
selves felt,  acting  as  a  correcting  factor, 
and  already  indicating  that  the  scheme 
is  not  an  efficient  one.  A  scheme 
involving  stronger  lights  at  greater 
distances  apart,  or  possibly  lamps  hung 
at  the  sides  of  the  road  at  a  lower 
level,  will  therefore  be  considered. 
This  example  should  suffice  to  show 
the  nature  of  the  preliminary  calcula- 
tions preceding  a  decision  on  a  sclieme 
of  street  lighting. 

The  above  remarks  naturally  assume 
that  the  polar  curves  of  the  lamps  are 
readily  available,  either  from  the  manu- 
facturers or  in  the  literature  on  the 
subject,  and  that  these  values  are 
actually  reached  in  practice.  In 
Berlin,  and  in  all  places  which,  like 
Berlin,  use  a  considerable  addition  of 
Avater-gas,  this  will  be  true.  Gasworks, 
however,  which  generate  pure  coal- 
gas  will  do  well  to  test  their  lamps 
before  hanging  them  up,  and  to  see 
that  the  necessary  adjustments  for 
the  local  quality  of  gas  arc  carried  out. 

Unfortunately,  considerable  devia- 
tions from  the  results  obtained  in 
Berlin  have  becoiue  ap])arent  when  the 
highly  efficient  lamps  of  the  latest 
ccmstruction  are  used  without  proper 
adaptation  to  widely  different  condi- 
tions. 

Another  point  which  it  is  important 
to  take  into  account  is  the  inrtuence  of 
shades  and  reflectors.  One  must  ascer- 
tain if  the  given  illumination  and  polar 
curve  refers  to  the  naked  lamp  or  to 
a  lamp  with  a  shade  or  reflector.     The 
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A  Physiological  Explanation  of  Glare. 


Dr.  F.  W.  Edridge-Green,  in  a  recent 
conversation  Avith  the  Avriter,  sug- 
gested some  interesting  explanations 
of  the  process  Avhich  takes  place  in 
the  retina  A\)ien  we  experience  the 
sensation  of  glare.  These  speculations 
are  highly  interesting  to  the  lighting 
engineer,  as  they  seem  to  explain  in 
some  measure  what  it  is  that  makes 
some  systems  of  lighting  pleasant  to 
tlie  eye  while  others  are  distinctly  the 
reverse. 

It  will  be  recalled  that,  according  to 
Dr.  Edridge-Greens  theory,  vision  is 
accomplished  b}^  the  aid  of  the  visual 
l)urple  which  sensitizes  the  liquid  which 
is  between  the  rods  and  cones  in  all 
parts  of  the  retina.  Consequently  the 
briglit  image  of  the  source  of  light 
received  on  the  retina  is,  in  a  sense, 
photographed  on  this  liquid.  It  be- 
comes a  "  floating  image." 

An  excellent  illustration  of  this  wiU 
be  observed  if  the  eye  is  fixed  on  some 
very  bright  object  (such  as  the  sun), 
and  the  gaze  then  turned  in  some 
other  direction  towards  a  dark  back- 
ground. One  then  perceives  an  after- 
image of  the  bright  object,  which  often 
changes  its  relative  position  (just  as 
one  ANOuld  expect  from  a  floating  image 
of  this  kind).  Indeed,  one  can  often 
observe  the  after-image  to  be  ascend- 
ing ;  this  action  is  the  natural  result 
of  the  fact  that  the  liquid  on  Avhich 
the  image  is  impressed  tends  by  gravity 
to  sink  steadily  doA\nAvards,  and  this 


motion  naturall}'  appears  to  the  eye 
to  be  reA^ersed.  Sometimes,  too, 
portions  of  the  A^sual  purple  acted 
ujDon  become  detached,  and  Ave  then 
see  several  distinct  images. 

XoAv  "  glare  "  is  caused  Allien  the 
chemical  action  on  the  Ansual  purple 
takes  place  more  quickly  than  the 
process  of  restoration.  WhencA^er  a 
very  bright  image  is  formed  on  the 
retina,  the  contrast  Avith  adjacent 
operations  produces  this  effect,  and 
it  is  only  Avhen  the  stimulus  is  remoA^ed 
that  the  eye  is  gradually  brought  back 
to  a  normal  state,  and  the  image  dis- 
appears. What  one  should  do,  there- 
fore, in  lighting  is  to  aA^oid  all  extreme 
contrasts.  If  Ave  haA'e  a  bright  general 
illumination,  the  eye  can  gradually 
adapt  itself  to  it  ;  if,  on  the  other  hand, 
the  illumination  is  comparatiA^ely  Ioav, 
our  retina  can  adapt  itself  to  this  too, 
although  the  process  of  adaptation 
naturally  requires  time.  But  if  the 
eye  is  presented  Avith  unequal  patches 
of  light  and  darkness  simultaneously, 
or  to  a  rapid  succession  of  light  and 
darkness,  it  has  no  time  to  adapt  itself, 
and  suffers  fatigue. 

The  question  Avhich,  from  a  practical 
standpoint,  Ave  particularly  desire  phy- 
siologists to  tell  us  is  as  follows  : — What 
is  the  maximum  numerical  contrast  that 
the  eye  can  endure  in  comfort  ?  This 
should  not  be  A'ery  difficult  to  determine 
by  physiological  tests. 


The  Petrol-Air  Gas  Association. 


It  seems  rather  singular  that  up  to  the 
present  time  those  interested  in  petrol- 
air  gas  lighting  have  not  been  repre- 
sented by  any  Association  similar  to 
those  existing  in  the  case  of  gas,  elec- 
tricity, and  acetylene. 

Such  an  Association  is  apparently 
about  to  be  formed.  We  understand 
that  it  Avill  come  into  existence  early 
in  the  New  Year.     This  Association,  if 


wisely  guided,  should  be  able  to  render 
great  services  to  the  petrol-air  gas 
industry.  No  doubt  the  neAV  Associa- 
tion Avill  undertake  the  preparation  of 
trustAvorthy  data  and  infonuation,  and 
Avill  see  to  it  that  the  claims  of  petrol- 
air  gas  lighting  are  put  forward  in  a 
judicious  Avay.  It  is  possible  that  an 
exhibition  dcA'oted  to  lighting,  heating, 
and  cooking  may  be  licld  shortl}'. 
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Some  Notes  on  the  Lighting  of  the  City  of  Leeds 
Training  College. 


By  an  Engineering  Corhespondent 
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ACSTRAUT. 
[This  article  coutaiiis  some  notes  ou  the  lighting  of  tlie  Leeds  Training  College.  The  illumina- 
tion was  entirely  designed  l)eforethe  erection  of  the  building.  The  Assembly  Hall  is  lighted  by  gas. 
with  "Nonpareil"  sun  burners  susirended  from  the  ceiling.  The  lighting  of  most  of  the  remaining 
room  is  by  electricity,  with  Tungsten  lamps  and  Holophane  retiectors.  Particulars  of  the  consump- 
tion of  gas  or  electricity,  and  the  illumination  produced,  is  given  in  each  instance.  Some  interesting 
jiroblems  occur,  an  instance  being  the  Art  Room,  where  the  illumination  is  furnished  by  a  cluster 
of  lamps  in  diffusing  globes,  suspended  from  the  centre  of  the  room.  Either  four,  eight,  or  twelve 
of  these  can  be  tui'iied  on  at  once.  This  enables  both  the  intensity  and  the  conditions  of  shadow 
to  be  varied.] 


The  building  of  the  large  training 
college  for  teachers  at  Leeds  Avas 
started  in  1910,  and  was  completed  by 
(September  during  the  present  year. 
The  Institution  stands  in  its  own 
grounds,  and  is  provided  with  libraries, 
workshops,  gynniasium,  swimming  bath, 
&c.,  so  that  the  lighting  of  these 
various  rooms  presented  many  inter- 
esting problems. 

The  Leeds  Training  College  is  a 
thoroughly  up-to-date  building,  and 
the  illumination  has  received  special 
care.  It  appears  that  the  lighting  A\as 
planned  out  before  the  foundations  of 
the  building  was  laid,  yet  subsequent 
tests  have  shown  that  the  illumination 
anticipated  has  been  provided. 

The  room  which  first  claiU'S  atten- 
tion is  the  Assembly  Hall  (Fig.  1), 
which  is  97  ft.  long,  28  ft.  broad,  and 
34  ft.  high  at  the  centre.  A  photo- 
graph of  this  hall,  taken  entirely  by 
artificial  light,  is  shown  on  the  o]7]iosito 
page. 

The  ligliting  is  accom])lished  by  four 
''  Nonpareil  "  sun-burn(>rs,  ]>arti('ulars 
of  which  Avere  ])ublished  in  a  recent 
numb::^r  of  this  journal. "=     These  lamps 

*  Oct.,  1912,  p.  483. 


utilize  a  ring  of  tAventy-eight  Ioav- 
pressure  iuA^erted  burners,  each  of 
Avhich  consumes  28  cubic  feet  per  hour. 
The  aggregate  candle-poAver  of  the 
lamp  is  given  as  2,100.  The  total  rated 
])o\\'er  of  the  lamps  employed  is  thus 
8,400.  As  AN'ill  be  seen  from  the  illus- 
tration, these  lamps  are  placed  high 
up  on  the  ceiling.  Besides  throAving  a 
strong  light  doA\'nA\ards,  they  are  stated 
to  be  of  considerable  assistance  in 
providing  A^entilation  for  the  room. 
The  metliod  of  i^lacing  these  lamps  high 
up  out  of  the  field  of  A'iew  of  the  audi- 
ence, so  as  to  avoid  glare,  is  a  favour- 
able featiu'e. 

iSome  measurements  of  the  illumina- 
tion in  the  Hall  are  taken.  It  appears 
that  over  the  body  of  the  Hall  there  is 
about  8  foot-can(iles — (piite  an  excep- 
tionally high  value  for  a  hall  of  this 
size.  Now,  if  the  total  gas  consump 
tion  is  divided  by  the  Hoor  area  of  this 
Hall,  it  Avill  be  seen  that  approxi- 
mately 011.5  of  a  cubic  foot  of  gas 
is  consumed  per  square  foot.  The 
ilhiminalion  is  8  foot-candles.  The 
sjiecific  consumption  of  gas  for  the  Hall 
may,  therefore,  be  taken  as"^''  /.c,  0-014 
cubic   feet  of   gas  per  hour  per  lumen. 
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This  means  to  say,  that  on  this  system 
one  can  limit  an  area  of  about  70  square 
feet  of  floor  area  Avith  an  intensity  of 
1  foot-candle. 

It  Mill  be  reineinbered  that  Mr.  Dow, 
as  a  result  of  tests  of  schoolrooms 
liglited  by  low-pressure  gas  inverted 
burners,  suggested,  as  a  rough  rule,  to 
allow  1  cubic  foot  of  gas  per  hour  per 
foot-candle  for  e\ery  100  square  feet 
of  area  to  be  illuminated,*  but  this 
applied  to  smaller  rooms,  with  the  lamps 
at  a  comparatively  low  level.  Naturally, 


Fig.  2  shows  a  view  of  the  gym- 
nasium. The  area  of  this  room  is, 
roughly,  1 ,570  square  feet.  It  is  lighted 
by  ten  100-watt  tungsten  lamps  in 
"  I-type  "  Holophane  reflectors,  placed 
on  the  ceiling.  The  walls  are  dark  red 
in  colour,  and  do  not  give  much  assist- 
ance to  the  illumination,  but  it  was 
considered  necessary  to  allow  a  fair 
amount  of  light  to  pass  out  sideways 
on  to  these  walls.  The  consumption 
works  out  to  rather  under  -7  watts  per 
square  foot.     In  the  circumstances  the 


I'lG.  2.— Gyiuiiasiuiu  lislitiHl  by  ten  Tungsten  Lamps  and  Hulophaue  Eeflectors.  The 
consumption  is  about  07  watts  per  square  foot,  the  illumination  at  the  floor  level  from 
1  to  r.j  foot-candles. 


it  is  only  an  approximate  rule,  some 
allowance  being  necessary  for  the  type 
of  shade  used  and  the  lightness  of  the 
surroundings.  However,  it  seems  to 
work  fairly  correctly  for  average,  well- 
designed  installations  and  properly 
shaded  lamps. 

The  lighting  of  nearly  all  the  smaller 
rooms  is  electric.  8omc  particulars  of 
the  lighting  in  these  rooms  Avere  pub- 
lished in  a  recent  number  of  Holophane 
Illuminalion. 

*  lUum  Evg.,  Lond.,  JIarch,  1912,  p.  121, 


value  of  I  to  1-5  foot-candles  on  the 
floor  level  seems  a  good   result. 

The  next  illustration  (Fig.  8)  shoAVs 
a  Avood  Avorkshop,  Avliich  is  42  ft.  long 
and  20  ft.  Avide.  This  is  lighted  by 
fourteen  50-Avatt  lamj)s  in  Holophane 
reflectors,  so  that  the  consumption  is 
about  -8  Avatts  per  square  foot.  The 
illumination  on  the  benches  is  as  much 
as  8  foot-candles.  On  the  blackboards 
a  value  of  3' 5  foot-candles  is  provided. 

The  remaining  illustration  shoAvs  the 
Art    Room.     The   method    of   lighting 
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Fi(!.  l.-Asseuiblv  Hull  lighted  by  four  ''Nonpareil  '  sun-biinuM-s,  coiisuiiiiiii,'  roughly  one- 
ninth  of  a  cubic  foot  of  gas  pp'r  square  foot  of  floor  area,  the  illumination  produce^',  being 
,S  foot-candles.  The  room,  therefore,  uses  about  0-011  of  a  cubic  foot  of  gas  per  hour 
1  er  lumen. 
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adopted  in  this  case  is  one  wliicli  has 
been  very  largely  used  in  rooms  of  this 
kind  in  "the  Midlands.  A  cluster  of 
twelve  50-\vatt  lamps  in  Holophane 
globes  is  placed  in  the  centre  of  the 
room.  The  model  usually  takes  up 
a  position  under  the  chandelier,  and 
the  students  group  themselves  round 
the  room  as  they  desire,  the  seats  and 


within  wide  Hmits,  and  the  depth  and 
sharpness  of  shadows  can  be  altered 
at  the  same  time.  This  is  considered 
a  useful  thing  to  be  able  to  do  in  Art 
rooms.  It  is  not  enough  merely  to 
alter  the  illumination  according  to  the 
I'equirements — it  is  also  necessary  to 
arrange  a  number  of  lamps  so  that  the 
area    of    the    light -giving   source    (and 


Fig.  .3.-AVood  workshop  lighted  by  fourteeu  Tungsten  Lamp.s  and  Holophane  Reflectors. 
The  consumption  is  roughly  0"8  watts  per  square  foot,  tlie  illumination  produced  on 
the  working  plane  s  foot-candles. 


desks  being  movable.  As  much  as 
15  foot-candles  can  be  obtained  in  the 
centre  of  the  room  where  the  model 
stands. 

An  interesting  point  to  be  noted  is 
that  either  four,  eight,  or  twelve  lights 
can  be  switched  on  at  the  central 
chandelier.  In  this  way  the  intensity 
of    the    illumination    can    be    altered 


hence  also  the  sharpness  of  the  shadows) 
can  be  adjusted  by  turning  on  more  or 
less  of  the  units.  In  conclusion,  ac- 
knoAviedgment  should  be  made  of  the 
courtesy  of  Mr.  J.  Falshaw- Watson, 
M.I.C.E.,  M.I.E.E.,  the  consulting  engi- 
neer for  this  mstallation,  from  whom 
some  of  the  above  particulars  were 
obtained. 


-V — '^^<2 -?Tr?!«J>^D'-C">«»- 
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FIG.  ^.-Art  Room  lighted  by  a  cluster  of  twelve  Tungsten  Lan.ps  m  Holophane  Globes^ 
Su.rendcd  in  the  centre  of  the  room,  immediately  under  this  fitting,  an  \1  -"-^-n  of 
1..  foot^candles  can  be  obtained.  Four,  eight,  or  twelve  lights  can  ^'^  '^^^'f^'-  f^^:^^ 
this  enables  the  sharpness  of  the  shadows,  as  well  as  the  lUunmation,  to  be  ^aued 
considerably. 
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Legislation  on  Factory  Lighting  in  New  York. 

A  Proposed  Bill  EMBOuyixG   recommendations  on  Industrial  Lighting 

SUBMITTED    TO    THE    NeW   YoRK    StATE    FACTORY    COMMISSION. 


I 


In  the  November  number  of  Good 
Ljghlinr/  {The  lUuminatinfj  Eiujimer  of 
New  York)  reference  is  made  to  an 
Act  now  being  considered  by  the  New 
York  State  Factor}'  Commission,  vaih. 
a  -v-iew  to  improving  industrial  hghting. 
This  matter  is  exciting  much  attention 
in  Europe,  and  it  is  very  gratifjdng  to 
see  that  it  is  also  being  taken  up 
energetically  in  the  United  States. 
Readers  will  recall  that  the  Home 
Secretary  in  Great  Britain  proposes  to 
appoint  a  Departmental  Committee 
on  this  subject  very  shortly,  and  we 
trust  that  England  Avill  not  "lag  behind 
the  United  States  in  taking  action. 
The  following  is  the  section  of  the  Bill 
containing  the  clauses  bearing  on 
illumination  : — 

"  All  passage  ways  and  all  movhuj  parts 
of  machinery  where,  on  or  about  ivhich 
persons  work  or  pass  or  may  have  to  work 
or  pass  in  emergencies,  and  all  other 
portions  of  a  factory  that  the  commissioner 
of  labor  may  require,  shall  he  kept  properly 
and  sufficiently  lighted  during  working 
hours.  When  in  the  opinion  of  the 
commissioner  of  labor  it  is  necessary  [the 
worlvToonis].  halls  and  stairs  leading  to 
the  workrooms  shall  be  properly  and 
adequately  lighted,  and  [in  cities  of  the 
tirst  class,  if  deemed  necessary  by  the 
commissioner  of  labor],  a  jjroper  and 
adequate  light  shall  be  kept  burning  by 
the  owner  or  lessees  in  the  public  hall- 
^vays  near  the  stairs  upon  the  entrance 
door  and  upon  the  oth-^r  floors  on  every 
work  day  in  tbe  year,  from  the  time 
\vlicn  the  building  is  opened  for  use 
in  the  morning  imtil  the  time  it  is  closed 
in  th(!  evening,  except  at  times  when  the 
mflux  of  natural  light  shall  make  artificial 


light  unnecessary.  Such  lights  shall  be 
indej^endent  of  the  motive  j)ower  of  such 
factory. 

"  All  ivorkrooms  shall  be  properly  and 
adequately  lighted  during  working  hours. 
Artificial  illumiriants  in  every  workrootn 
shall  be  installed,  arranged  and  used  so 
that  the  light  furnished  urill  at  all  times 
be  sufficient  and  adequate  for  the  work 
carried  on  therein.  All  artificial  illu- 
m,inants  shall  be  so  placed  and  arranged, 
and  so  shaded  as  to  prevent  strain  on  the 
vision  or  glare  in  the  eyes  of  the  workers. 
The  advisory  board  to  the  department  of 
labor  may,  pursuant  to  the  provisions 
of  this  chapter,  make  and  from  time  to 
time  clmnge  or  modify  rules  and  regula- 
tions to  provide  for  adequate  and  sufficient 
natural  and  artificial  lighting  facilities 
in  all  factories  ;  to  govern  the  installation, 
arrangement,  operation  and  use  of  artificial 
illuminants  in  workrooms  in  the  different 
industries  ;  and  to  fix  standards  that  shall 
prescribe  the  mitiimum  amount  of  artificial 
illumination  in  such  workrooyns. 

"  2.  This  act  shall  take  effect  on  October 
the  first,  nineteen  hundred  and  tliirteen." 

[Explanation  —  Matter  in  italics  is 
new;  matter  in  brackets  is  old  law  to  be 
omitted.] 

The  Act  thus  requires  "  proper  and 
adequate  "  illumination,  but  it  is  still 
necessary  to  define  exactly  what  is 
meant  by  this  term.  The  question  ot 
the  exact  recommendations  to  be 
made  is  now  being  considered  by  the 
Commission.  Mr.  A.  I.  Elkus,  Chief 
Counsel,  has  expressed  the  desire  that 
any  suggestions  concerning  this  pro- 
posed Bill  should  be  addressed  to  him 
at  the  offices  of  the  Commission  (170, 
Broadway,  New  York  City), 


Good  Lighting  in  the  New  Indian  Factories  Act. 


The  recentl\-  drafted  Indian  Factories 
Act  of  1911  contains  the  following 
reference  to  lighting.  In  chap,  iii., 
dealing  with  health  and  safety,  it  is 
laid  down  that  :  — 

'•  1.  Every  factory  shall  be  sufficiently 


"2.  In  the  case  of  any  factory  which 
is  not  in  the  opinion  of  the  inspector  so 
lighted,  tlie  inspector  may  serve  on  the 
manager  of  tlie  factory  an  order  m.  writing, 
spccifjang  the  measures  which  he  considers 
necessary  for  the  attainments  of  a  suffi- 
cient standard  of  hghting.  and  reciuiring 
him  to  carry  them  out  before  a  specified 
date." 
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A  Proposed  Government  Commission  on  Illumination  in 

Belgium. 

An  Important  Resolution  taken  by  the  Academie  Boyale  de  Medecine  de 

Belgique. 


At  a  meeting  of  the  Academie  Boyale  de 
Medecine  de  Belgique,  on  December  7th, 
the  following  important  communica- 
tion was  put  forward  by  Dr.  Motais 
(France)  : — 

"  Regarding  the  Technical  Committee 
on  Natural  and  Artificial  Illumination 
formed  by  the  French  Government.  It 
is  proposed  that  similar  conunittees 
should  he  formed  in  all  the  chief  civilized 
countries. 

"  It  i.s  pro]30sed  that  a  technical  com- 
mittee should  be  formed  to  deal  with 
natural  and  artificial  illumination.  It 
appears  necessary  to  include  on  this 
committee  rej^resentatives  of  various 
aspects  of  the  subject  :  oculists,  physicians, 
gas  and  electric  engineers,  and  repre- 
sentatives of  the  various  Government 
departments  interested    in  this  question. 

"  The  permanent  committee  in  France 
lias  considered  this  j^^'opo^ition  favour- 
ably, and  M.  Mirman  (Directeur  de 
I'Hygiene  et  de  I'Assistance  Publiques 
de  France)  has  embodied  this  in  an 
official  enactment.  The  French  Com- 
mittee is  already  in  existence,  and  in  full 
activity. 

"  My  distinguished  colleague,  Prof. 
Nuel,  having  taken  note  of  the  formation, 
of  our  committee,  has  been  good  enough 
to  write  to  me,  suggesting  tliat  the  organ- 
ization of  similar  committees  would  be 
of  gr(^at  value  to  all  the  chief  civilized 
nations,  which  are  alike  exjiosed  to  diffi- 
culties oAving  to  the  absence  of  recom- 
mendations. I  submitted  this  project 
to  my  committee,  suggesting  that  the 
French  OovernuK^nt  should  take  tlu^ 
initiative  and  issiu^  an  invitation  on  this 
point  to  all  tlio  foreign  governments  eon- 
corned.  'I'he  conunittee  having  voted  in 
favour  of  this  ])roposition,  tJie  French 
Government  will  carry  them  into  effect 
very  shortly. 


"  If  the  proposition  of  the  French 
Government  is  accepted,  the  various 
committees,  after  having  deliberated  in- 
dividually, might  form  themselves  into  a 
Congress,  and  as  the  result  of  mutual 
discussion  formulate  conclusions  which 
would  serve  as  the  basis  of  universal 
recommendations  on  industrial  lighting. 

"  There  can  be  no  doubt  that  a  recom- 
mendation to  this  effect  issuing  from 
svich  an  authoritative  body  as  the 
Academie  Royale  de  Medecine  de  Bel- 
gique would  give  great  force  to  the  inten- 
tion of  the  French  and  Belgium  Govern- 
ments. I  have  therefore  the  honour  to 
submit  to  the  Academie  Royale  de  Mede- 
cine the  following  resolution  : — 

"'That  this  Academy,  recognizing  that 
it  is  essential  to  establish  recommenda- 
tions on  the  subject  of  natm-al  and  artificial 
ilhmiination  in  factories,  expresses  the 
desire  that  a  Teclinical  Committee  to 
deal  with  Natural  and  Artificial  Illu- 
mination should  be  instituted  in  Belgium 
in  order  to  prepare  such  recommenda- 
tions.' (A2:)plause.) 

"In  a  discussion  in  which  MM.  Nuel, 
E.  Masoin,  Van  Ermongem,  IMoellcr, 
Motais,  and  M.  le  President  took  part, 
the  following  resolution,  put  forward  by 
MM.  Nuel  and  Moeller,  was  put  to  the 
vote  and  formally  accepted  : — 

"  '  That  the  Academie  de  Medecine. 
liaving  heard  the  views  of  Prof.  JMotais 
{Angers),  speaking  in  the  name  of  the 
Committee  on  natural  and  artificial  illu- 
miimtion  in  Fraiice,  in  his  capacity  as 
goieral  secretary  of  this  committee,  e.v- 
pressed  the  desire  that  the  Belgian  (lovern- 
nient  .should  follow  the  cvample  of  the 
French  Oovernment  and  several  other 
foreign  (lOi^ernments.  and  nominate  an 
official  committee  charged  with  the  study 
of  all  questions  bearing  on  natural 
and  artificial  illumination  and  the  hygiene 
of  vision.'  "  , 


18 


THE   ILLUMINATING    ENGINEER. 


TRANSACTIONS 

OF 

Cljt   KUumtnattng   engineering    ^oeiet^ 

(Founded   in   London,    1900.) 

The  lUaminating  Engineering  Societ>/  is  not,  as  a  bod>/,  responsible  for    the  opinions 
expressed  by  individual  authors  or  speakers. 

Modern  Methods  of  Indirect  Lighting. 


A  MEETING  of  the  Societ}'  was  held 
at  8  p.m.  on  Tuesday',  December  3rd, 
1912,  at  the  House  of  the  Royal 
Society  of  Arts,  the  chair  being  occu- 
pied by  Mr.  A.  P.  Trotter. 

The  minutes  of  the  last  meeting 
having  l^een  taken  as  read,  the  names 
of  the  ajiplieants  for  membership*  Avere 
presented  in  the  usual  Avay. 

The  Oiairman  then  called  upon 
Mr.  F.  W.  Willcox  to  read  a  paper 
entitled  '  Modern  Methods  of  Indirect 
Lighting.'  bv  Mr.  Willcox  and  Mr. 
H.  C.  \Vheat".  (This  will  be  found  in 
extenso  on  pp.  19-38.) 

An  interesting  discussion  ensued,  in 
which   the    following    gentlemen   took 


part :  Mr.  F.  Bailey,  Mr.  W.  J.  Liberty, 
Prof.  W.  C.  Clinton,  Mr.  C.  Baker, 
Mr.  W.  M.  Mordey,  Mr.  J.  C.  Clark, 
Mr.  G.  Campbell,  Prof.  D.  A.  Louis, 
Mr.  T.  E.  Ritchie,  Mr.  V.  H.  Mac- 
kinney,  and  Dr.  H.  R.  B.  Hickman. 

In  conclusion,  the  Chairman  moved 
a  vote  of  thanks  to  the  lecturers,  and 
referred  to  a  room  lighted  by  the 
indirect  system  at  the  Paris  Exhibition 
as  far  back  as  1881. 

He  added  that  the  next  meeting  of 
the  Society  -would  be  held  on  Tuesday, 
January  14th.  when  papers  on  '  Acety- 
lene Lighting,"  by  Mr.  C.  Hoddle,  and 
on  '  Petrol  Air  Gas  Lighting,'  by  Mr. 
E.  Scott  Snell.  would  be  read. 


NEW    MEMBERS    OF    THE    SOCIETY. 

Thk  names  of  tlic  ajjphcants  for  niembersliip,  read  out  at  the  lorevious  meeting  on 
XovciuIkt  19tli,*  were  formally  annomiced  for  the  .second  time,  and  these  gentlemen 
wore  declared  .Members  of  the  Illuminating  Engineering  Society.  In  addition,  the 
names  of  the  following  gentlemen  have  been  duly  submitted  and  approved  by  the 
CoimcU,  and  were  read  out  by  the  Hon.  Secretarv  at  the  meeting  of  the  Society  on 
December  3rd : — 


Ordinary  Members. 
(fibson,  J. 


CJooch,  F.  H. 
Herbert,  G. 
Stoeck,  M. 

Thiirley,  C.  A. 
Van  Goetham. 


Sales  Manager  to  the  British  Westinghouse  Electric 

and    Manufacturing    Co..    Ltd.,    Long    Millgate, 

^Manchester. 
Electrical  Engineer,    96,   Elgin  AAonue,  Maida  Vale, 

London. 
Lighting    Engineer    to    tlie    Benjamin    Electric    Co., 

117,  Victoria  Street.  S.W. 
The   C.E.A.G.    Electrical    Safety   Lamp   Co.    and   the 

General    Moore   Electric    Co.,    19,    St.    Dimstan's 

Hill,  London,  E.C. 
Gas  Engineer,   S.   Metropolitan  Gas  Co.,   21,  Elynde 

Street,  Crofton  Park,  London,  S.E. 
Welsbach    Incandescent    Gas   Light   Co.,    Gray's   Inn 

Road,  London,  E.C. 
t^ee  lUnm.  Eny.,  Dec,  1012.  n.  549. 
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Modern    Methods    of  Indirect    Lighting. 

By   F,    W.    Willcox  and  H.    C.   Wheat. 

(Paper  preBented  at  a  meeting  of  the  Illuminating  Engineering  Society,  held  at  the  House  of  tie  Royal 
Society  of  Aits  (18,  John  St.,  Adelphi,  london)  on  Tuesday,  Dec.  2rd  at  8  p.m.) 


The  artificial  production  of  light  is 
perhaps  the  most  inefficient  and  waste- 
ful process  to  be  found  in  any  branch 
of  engineering  or  science.  Without  at- 
tempting to  discuss  the  reasons  why  this 
should  be  so,  it  may  be  said  that  this 
very  fact  is  the  strongest  possible  argu- 
ment for  the  necessity  for  ''  efficient  " 
lighting,  i.e.,  for  using  such  arrange- 
ments of  artificial  light  sources  as  will 
most  economically  meet  the  demand 
for  properly  distributed  light.  Effi- 
ciency of  lighting  is  here  to  be  used  in 
the  Avider  sense  of  visual  efficiency, 
and  not  in  the  narrow  sense  of  simply 
physical  returns  for  energy  expended 
[i.e.,  lumens  or  foot-candles  per  watt 
of  electricity  or  1,000  ft.  of  gas). 
Systems  of  illumination  cannot  always 
be  rated  in  terms  of  energy  efificiency. 
In  the  case  of  lighting  the  term  "  effi- 
ciency "  must  be  used  in  a  broader 
sense  of  general  visual  efficiency,  by 
Avhich  is  meant  the  effectiveness  of  the 
illumination  secured  in  enabling  us  to 
see  things. easily  and  in  comfort. 

Mr.  Bassett  Jones,  in  a  recent  paper 
on  interior  illumination  before  the  Ame- 
rican Institute  of  Electrical  Engineers, 
says  :  ''  The  work  to  be  done  by  many 
lighting  arrangements  is  not  only  to  be 
able  to  see  and  work  with  ease  and 
comfort,  but  also  to  make  the  interior 
l)leasant  to  the  senses,  and  ir.ake  its 
beauty  visible.     (See  Fig.  1.) 

"  It  does  not  follow  because  tlic 
light  \ised  in  setting  forth  a  design  of  a 
library  is  not  directly  concerned  with 
the  actual  business  of  flic  room  tliat 
therefore  the  lighting  equipment  is 
inefficient.  In  fact,  only  a  small 
portion  of  the  generated  flux  need  be 
used  for  n'ading,  and  still  the  system  be 
highly  efficient,  sii.cc  it  makes  the 
room  effective  an;l  pleasant  to  sec 
and  to  be  in,  whether  one  reads  or  not. 
It   is   quite   useless   to   have   beautiful 


things  unless  one  can  see  them,  and 
that  illumination  Avhich  properly  sets 
them  off  in  true  value  as  to  perspective, 
sliadow,  and  colour  is  correctly  de- 
signed, no  matter  how  much  energj^  is 
necessarily  and  purposefully  used  in 
obtaining  the  correct  results. 

"  The  frescoes  of  St.  Peter's  (or  nearer 
home     the     dome     and     architectural 


Ficj.  1— Concealed  ligliting  in  St.  Mary's 
Chiircli,  VVarwicls.  w  illi  Tungsten  laujps 
and  luetal  rellector.-^  altaolied  to  the  east 
side  of  pillars  and  window  recesses, 
.showing  the  use  of  light  to  bring  out 
the  architectural  features  and  beauties 
of  the  interior. 


l)eauties  of  St.  Paul's  and  Westminster 
Abbey)  are  wasted  uidess  they  can  be 
seen,  and  for  this  ])urpo,se  the  '  working 
plane  '  of  illuminalion  is  on  the  ceiling, 
and  not  near  the  floor." 

In  approaching  the  subject  of  our 
discussioi\,  not  only  is  it  necessary  to 
have    the    foregoing   considerations    in 
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mind,  but  also  to  remember  that  light 
and  illumination  cannot  be  measured  in 
physical  terms  alone,  but  involve 
physiological  and  psychological  facts 
and  considerations  as  well. 

More  stress  sliould  be  laid  on  the 
necessity  for  natural,  rational,  and 
comfortable  illumination.  Some  sys- 
tems of  lighting  in  vogue  are  not  only 
ineffective  and  inefficient,  but  positively 
annoying  OAving  to  the  exposure  of 
glaring  sources  of  light,  Avhich  effectu- 
ally defeat  their  real  purpose. 

Faults  of  this  character  are  well 
stated  in  the  following  remarks  of 
James  Knox  Taylor,  Supervising  Archi- 
tect of  the  United  States  Navy  : — 

'•  For  years  architects  have  been  devot- 
ing their  time  and  talent  to  the  design- 
ing of  interiors,  combining  all  the 
lieauty  of  design  possible  with  utility  for 
theu-  particular  requirements.  After 
painstaking  effort,  disappointment  fre- 
quently results  when  direct  lighting 
units  are  mistakenly  placed  on  fixtures 
Imng  in  the  centre  or  around  the  sides 
of  such  interiors.  Lumps  of  light — 
irritating,  bhnding  sources,  that  lower 
the  ceiUng,  shorten  the  room,  destroy 
the  lines,  and  ruin  the  effect  the  archi- 
tect has  striven  for." 


Fig.  2.— Section    of    "Eye-Rest"    fitting, 
showing  arrangement  of  lanop,  reflector 
and  bowl. 

It  is  the  object  and  purpose  of  illu- 
minating engineering  to  correct  these 
faults  and  deficiencies.  The  work  of 
such  societies  as  tliis,  therefore,  has 
an  important,  far-reaching,  and  useful 
purpose  to  serve  ;  it  concerns  the  daily 
life  of  literally  every  one,  for  artificial 
ligliting  is  the  one  commodity  of  uni- 


versal use  in  every  walk  and  condition 
of  life. 

Faults  and  deficiencies  of  lighting 
have  in  the  past  been  very  largely 
due  to  a  lack  of  suitable  lighting  appli- 
ances. It  has  only  been  in  recent 
years    that    apparatus    for    producing 
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Fig.  3.— Arrangement  of  reflectors  in  4-light 
"Ej-e-Rest"  fitting, 

satisfactory  and  effective  illumination 
lias  been  available.  While  the  intro- 
duction of  tungsten  lamps  with  their 
great  increase  in  efficiency  has  given 
a  great  stimulus  to  artificial  lighting, 
yet  it  should  be  noted  that  as  much, 
and  even  more,  depends  upon  the 
efficient  use  of  such  lamps  or  light 
sources.  The  gains  in  efficiency  of  the 
sources  can  be  further  multiplied 
through  the  use  of  effective  distributing 
appliances  and  the  judicious  arrange- 
ment of  the  lamps. 

The  whole  subject  of  illumination 
and  illuminating  engineering  is  of 
quite  recent  date,  but  is  now  developing 
in  a  most  rapid  manner.  Books  on 
this  subject  become  obsolete  in  a  short 
tune.  Those  published  only  two  years 
ago  scarcely  make  mention  of  the 
improved  application  which  is  the 
subject  of  this  paper,  i.e.,  Indirect 
Illumination.  This  method  of  indirect 
illumination,  which  was  scarcely  known 
a  few  years  ago,  has  already  come 
into  very  general  use. 

This  brings  us  to  the  subject  of  our 
discussion  this  evening,  namely,  modern 
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MODERN    METHODS   OF   INDIRECT   LIGHTING. 

methods   of   indirect   illumination   and  30'  is'  o' 

its  advantages  and  merits. 

Indirect  Illumination. 

The  idea  of  indirect  illumination  is 
not   exactly   new.     We   have   had   in- 
direct   lighting    installations    in    years 
past,  the  most  well-known  application 
being  the  ''cove-lighting."  According  to  co 
this  method  lamps  secreted  in  a  groove 
or  cove  on  the  side  walls  just  below  the 
ceiling  level,  so  that  the  reflected  light 
is  thrown  out  on  the  ceiling,  and  thus 
indirectly  reflected  on  to  the  floor  or  ^°' 
objects.     The    limitations    of    such    a 
system  (Avhich  could  frequently  not  be 
employed   without    structural   changes 
in  the    building)   and  its  comparative 
inefficiency    gave    rather  a   bad   name 
to  indirect  lighting.     This  is  responsible 
in  a  large  measure  for  the  very  general 
impression  that  the  indirect  method  of 
lighting    is    necessarily    expensive    and 
prodigal    of    current.     The   success   of 
indirect  lighting  awaited  the  develop- 
ment of  ncAV  and  improved  appliances. 
This  result  was  secured  by  the  intro- 
duction of  the  system  knoAvn  in  Ame- 
rica as  "  ej'^e-comfort,"  and  in  England 
as  the  "  eye-rest  "  system  of  illumina- 
tion.    This  system  of  indirect  lighting, 
as  may  be  seen  from  the  accompanying 
illustrations      (see     Figs.     2    and     3), 
employs  a  fixture  in  the  form   of  an 
inverted     boAvl    suspended    from 
the  ceiling  of  the  room.      These 
bowls  contain  highly  efficient  and 
powerful     reflectors     of     special 
mirror  glass  construction.     They 
are  scientifically  designed  to  give 
the    most    effective    distribution 
of     light     for    indirect     liglitiug 
methods.      (Figs-   •!  and  5  show 
polar  curves    of     light    distribu- 
tion.    Fig.  6  shows  the  Avay  the 
light  is  thrown  to  the  ceiling  and 
reflected  downward.) 

The  reflectors  used  are  known 
as  ''  X-Ray,"  and  consist  of 
blown-glass  blanks  of  correct 
form,  which  arc  in  one  piece  and 
fire-glazed.  These  l)lanks  are 
backed  Avith   pure   sih^er   ])ut  on 

by    a    special    process,  and    this  ,,      ^     ^.             ,      .       «•    *    *  1   •  u*      ^^  \  ^ 

• -^     ,        ^    .          ^           ,'        .,,  FiG.fi.— Dmsrain  showing  effect  of  height  on  hsht 

m      turn      is      covered      AVlth     an  distribution    from   iii.iireot    fitting.     Solid    line 

elastic     enamel     to     protect     and  sliows  comet  distribution  from  properly  located 
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corrugations  in  order  to  prevent 
striations.  These  reflectors  as  may 
be  expected  are  very  efficient.  The 
accompanying  polar  curves  (see  Figs. 
4  and  5)  show  tlie  distribution  and 
also  disclose  the  fact  that,  of  734 
lumens  generated  by  the  lamp,  612 
are  yielded  fron  the  reflector,  which 
equals  an  efficiency  of  over  83  per  cent 
— a  much  higher  efficiency  than  is 
given  by  any  other  reflsctor  Avith  Avhich 
the  authors  are  conversant,  although 
we  make  a  point  of  testing  all  we  can 
obtain. 


mits  of  their  forming  part  of  the 
actual  interior  decoration.  This  form 
of  lighting  probably  offers  more  scope 
in  this  direction  than  any  other. 

It  should  be  noted  that  indirect 
lighting  must  be  done  in  a  really 
scientific  manner  to  be  successful,  and 
herein  lies  the  secret  of  the  success  of 
this  particular  system. 

The  success  of  modern  indirect 
lighting  has  been  remarkable,  in  that 
it  was  a  purely  practical  and  empirical 
development    put    forward    in    almost 


1 


Fig.  7.— Example  of  direct  liglitiDg  bj- diffusion  with  alba  glass  spheres. 


It  Mill  be  appreciated  from  the  fore- 
going description  that  the  reflectors 
are  opaque,  so  tiiat  opaque  containers 
are  also  u.sed.  The  latter  usually  take 
the  form  of  bowls,  which  may  be  of 
metal,  wood,  glass,  earthenware,  plaster, 
&c.,  so  that,  not  only  is  there  the  possi- 
bility of  an  enormous  number  of  dif- 
ferent designs,  but  also  a  large  selec- 
tion of  material  from  which  to  execute 
them.  Tins  makes  it  possible,  not 
only  to  .supply  these  fittings  to  suit 
almost  any  style  of  building,  but  per- 


direct  opposition  to  previous  theories, 
and  combatted  by  many  as  impractic- 
able. 

In  the  attempt  to  get  away  from 
bare  lights  and  excess  brilliancy,  the 
natural  step  was  to  increase  the  light- 
giving  area.  This  was  generally  done  by 
the  use  of  diffusing  globes  over  the  lamps. 
The  indirect  system  went  a  step  further, 
and  increased  the  light-giving  area  by 
using  the  largest  available  surface  in  the 
room — that  of  the  ceiling.  This  was, 
however,  somewhat  too  radical  for  the 
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ideas  of  niaii}^  experts,  avIio  could  not 
agree  to  such  a  solution  of  the  problem. 
Yet  the  first  development,  applied 
in  a  small  way,  steadily  grew,  and  its 
popularity  forced  many  to  reconsider 
their  theories  on  this  subject,  and  to 
study  the  causes  Avhich  have  con- 
tributed to  this  success. 

This,  among  other  things,  has  led  to 
the  consideration  of  the  physiological 
and  psychological  factors  affecting  satis- 
factory illumination.  Much  light  has 
thus  been  thrown  upon  the  n.ore 
effective  use  of  artificial  illuminants,  and 
upon  such  questions  as  :  Why  fatigue 
and  visual  depression  occur  to  a  larger 
degree  under  artificial  light  than  with 
daylight  ?  Are  such  faults  inherent 
in  the  quality  of  the  light  itself  or  in 
the  methods  of  its  use  ?  And,  seeing 
that  daylight  is  apparently  so  effective, 
how  can  one  best  produce  daylight 
effects  from  artificial  lights  ? 

I  propose  in  a  later  part  of  the  paper 
to  present  a  summary  of  some  points 
on  these  questions  brought  out  at  recent 
discussions,  in  conjunction  with  an 
account  of  some  of  the  tests  made  on 
this  system. 

Various  Systems   of  Artificial 
Lighting. 

In  order  to  study  the  relative  merits 
of  indirect  light  in  comparison  with 
other  methods,  let  us  first  con- 
sider and  review  the  various  systems 
of  artificial  lighting  in  effect  to-day, 
which  can  be  discussed  under  four 
headings. 

In  this  summary,  we  are  treating 
the  lamps  with  their  appliances  or 
reflectors  as  a  complete  unit  or  set, 
and  consider  effects  as  given  from  the 
flux  of  light  proceeding  from  such  sets, 

(a)  Direct  Lighting  comprises  systems 
in  which  the  greater  part  of  the  illu- 
mination is  received  directly  from  the 
light  units  or  sets  of  lamps  and  re- 
flectors. 

(6)  Direct  Lighting,  in  which  the 
greater  part  of  the  illumination  is 
received  directly  from  a  light  source 
enclosed  in  diffusing  globes,  as,  for 
example,  Holophane  spheres,  Holo- 
phane  bowls,  and  Alba  spheres.  (See 
Figs.  7  and  8.) 


(c)  Semi- Indirect  Lighting,  in  which 
the  light  is  partly  transmitted  directly 
from  the  lighting  units  through  a 
diffusing  medium,  and  partly  indirectly 
by  reflection  from  the  ceiling  or  other 
surface.     (See  Fig.  9.) 

[d)  Indirect  Lighting,  in  which  no 
light  is  received  directly  on  the  illu- 
minating plane,  but  only  indirectly 
through  reflectors  from  a  second  surface 
or  body.  In  the  form  of  indkect 
lighting  considered  under  this  heading 
the  light  is  directed  away  from  the 
objects  to  be  illuminated  and  thrown 
upon  the  ceiling,  from  which  it  is 
reflected  upon  the  working  plane. 


/ 


Fig.  8.— Alba  Glass  siJieie  fitting. 
Class  A. — Direct  lighting  with  reflectors  is. 
as    is    well    known,    by    far   the    most 
generally  used  form  of  lighting. 

Class  B. — -Direct  lighting  from  dif- 
fusing globes  or  bowls  comes  next ; 
the  indirect  and  semi-indirect  methods 
being  more  recent,  have  not  co:nc 
into  such  extensive  vogue  as  Class  A 
and  B,  Ijut  are  makuig  very  rapid 
progress. 

Let  us  now  make  a  comparison  of 
the  merits  of  each  system  of  lighting. 

[a)  Direct  Lighting  with  Reflectors. 

1.  Economy. — This  system  of  illu- 
mination admittedly  offers  the  greatest 
o])portunities  for  piiysical  elficiency, 
i.e.,  intensity  of  illumination  as  ex- 
pressed in  foot-candles  from  a  given 
energy    expenditure.     This    does    not, 
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however,  mean  the  higliest  general 
efficiency  of  the  hghting  system,  using 
the  term  in  its  broader  sense  of  visual 
efficiency. 

2.  Glare,  from  Light  Source  or  Re- 
flector.— Ihis  objectionable  factor  exists 
to  the  liighest  degree  with  tliis  system 
of  lighting,  though  much  can  be  done 
to  mitigate  this  defect  by  proper 
methods. 

3.  Shadoio  Effect. — Shadows  are  un- 
doubtedty  sharper  and  most  pronotinced 
with  tliis  system  of  lighting,  and 
tlierefore  dnect  lighting  necessitates  a 
larger  number  of  lights  to  ensure 
satisfactory  results  on  this  score. 


(6)  Direct  Diffused  Lighting. 

1.  Economy. — The  economy  of  dif- 
fused hghting  is  considerably  reduced 
by  absorption  of  the  diffusing  medium 
— ^the  bowl  or  sphere.  This  reduction  is 
considerably  larger  than  is  generally 
appreciated,  and  may  easily  reach 
50  per  cent,  and  with  good  diffusion 
it  will  be  at  least  20  per  cent  in  any 
case. 

2.  Glare. — This  is  considerably  re- 
duced, particularly  with  certain  forms 
of  opal  enclosing  spheres,  such  as  the 
Alba.     (See  Fig.  8.) 

3.  Shadow  Effect.  — This  is  un- 
doubtedly improved,  the  shadow  edges 


KiG.  '••.— Example  of  semi-indirect  lighting  witli  ornamental  alba  glass  bowl  fitting. 


4.  Evenness  of  Illumination. — ^While 
very  good  in  an  unoccupied  room, 
difficulties  arise  with  tlie  presence  of 
objects  and  people,  so  that  here — as  in 
tlie  case  of  shadows — it  is  necessary  to 
employ  a  large  number  of  point.s  to 
ensure  satisfactory  results. 

5.  Comfort  and  Afjreeahleness. — ^In 
general,  tliis  does  not  come  up  to  the 
standard  attainable  witli  the  other 
systems,  although  much  can  un- 
doubtedly be  done  by  proper  methods 
to  secure  better  results  in  this  respect. 


are  not  so  sharply  defined,  although 
rather  heavy  shadows  may  still  be 
produced. 

4.  Evenness  of  Illumination. — It  is 
difficult  to  definitely  state  its  com- 
parative value  on  this  point,  as  it  will 
depend  in  a  large  measure  on  the 
number  of  points  and  their  location. 
It  must  be  remembered  that  the  low 
intrinsic  brilliancy  of  suitable  diffusing 
globes  permit  these  to  be  suspended 
Avith  comfort  and  satisfaction  in  or 
above   the   line   of   vision  in   positions 
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unsuitable  for  direct  ligliting  units, 
and  it  is  thus  possible  in  many  cases 
to  secure  a  uniforinity  comparable  with 
indirect  lighting,  although  it  must  be 
noted  that  the  distribution  is  not  as 
definitely  under  control  in  such  cases  as 
with  direct  lighting,  employing  scien- 
tifically designed  reflectors.  In  general, 
however,  with  an  equal  number  of 
points,  the  system  is  fairly  comparable 
in  uniformity  with  indirect  lighting. 

5.  Coinfort  and  Agreeableness. — Tlie 
system  may  not  be  as  comfortable  and 
agreeable  as  a  properly  designed  direct 
lighting  system,  if  the  units  of  light 
(globes  and  spheres)  have  to  be  sus- 
pended below  the  line  of  the  ceiling,  and 
therefore  act  as  more  or  less  glaring 
sources  in  the  line  of  vision.  On  the 
other  hand,  if  sufficiently  dense  diffus- 
ing globes  are  used,  the  intrinsic  bril- 
liancy is  low  enough  to  give  most 
agreeable  effects,  even  with  the  sphere 
directly  in  the  line  of  vision. 

(c)  Semi-Indirect  Lighting. 

1.  Economy. — ^In  actual  physical  effi- 
ciency this  system  occupies  an  inter- 
mediate position  between  direct  lighting 
with  reflectors  and  indirect  lighting. 
As  this  system  eniploys  a  diffusing  bowl 
or  globe  for  the  direct  component  of 
the  light,  it  is  possible  to  liave  it  equal 
and  even  exceed  in  economy  the  direct 
diffusing  system  of  lighting  (Class  b). 

2.  Glare. — This  depends  upon  the 
character  of  the  diffusing  bowl  or  globe 
through  which  the  direct  component 
of  light  is  transmitted.  With  care  in 
selecting  a  suitable  material  for  this 
bowl  or  dish  part  of  the  indirect  fitting 
(see  Fig.  9),  glare  may  be  brought 
within  reasonable  limits,  and  iii  tliis 
way  the  system  made  to  appear  not 
only  ahead  of  the  direct  systems  (both 
reflecting  and  diffusing),  but  to  com- 
pare most  favourably,  even  with  the 
complete  indirect  lighting  system. 

3.  Shadoiv  Effect. — Here  again  the 
results  will  depend  upon  tlie  cha- 
racter and  density  of  the  bowl,  or 
translucent  l)owl,  or  dish  part  of  the 
fitting.  Results  of  a  series  of  tests 
by  Thos.  W.  Roli)h  (American  111.  Eng. 
Soc.  Proceedings,  1912)  indicates  that 
the  percentage  of  the  direct  component 


in  this  system  of  lighting  should  not  be 
greater  than  15  per  cent  of  the  total 
illuUiination,  in  order  to  ensure  shadow 
elimination.  The  container,  or  trans- 
lucent portion  thereof,  should  be  of 
sufficient  density  to  work  within  these 
limits  as  to  control  the  direct  com- 
jjonent  within  this  percentage,  and 
where  this  is  not  the  case,  the  system 
A\dll  not  be  comparable  in  shadow 
effects  ^\^th  the  total  indirect  system, 
but  will  be  found,  in  general,  mate- 
rially better  than  the  other  forms  of 
direct  illumination.  A  great  many 
indirect  lighting  systems,  however,  have 
too  great  a  percentage  for  the  direct 
light  component,  and  this  causes  ob- 
jectionable shadow  difficulties. 

4.  Evenness  of  Illumination. — This 
system  of  lighting  can  be  arranged  to 
give  very  excellent  results  in  this  direc- 
tion, provided  the  density  of  the  con- 
tainer or  translucent  portion  of  it  is 
kept  wdthin  proper  limits  (to  make 
the  direct  coniponent  not  over  15  per 
cent  of  the  total  illumination).  In  no 
case,  however,  does  this  system  surpass 
the  indirect  fighting  system  on  this 
important  point. 

5.  Comfort  and  Agreeableness  of 
Lighting. — ^Excellent  results  comparable 
with  the  best  effects  from  the  wholly 
indnect  system  can  be  secured  with 
proper  regard  to  the  density  of  the 
translucent  portion  of  the  container,  and 
keeping  the  direct  component  within  the 
limit  already  mentioned  of  15  per  cent. 
Some  tastes  consider  this  system  more 
agreeable  than  the  wholly  indirect 
system  by  reason  of  the  bowl  or  con- 
tainer being  translucent  and  bright, 
instead  of  dark  underneath,  as  A\ith 
the  wholly  indirect  system.  This  fea- 
ture, liowever,  can  also  ])e  introduced 
into  the  indirect  system  Avhere  re- 
quired. 

Indirect  Lighting. 

I.  Economy. — ^VVhi'e  on  the  score 
of  pure  ])hysical  efficiency  in  himens 
per  Avatt,  this  systeui  may  stand  beknv 
the  others,  yet  in  point  of  general 
visual  efficiency  its  general  results  arc 
com])arable,  and  in  many  cases  superior 
to  the  other  systems.  Even  the  physical 
efficiency  of  indirect  lighting  systems  is 
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often  considerably  aliead  of  tliat  of 
installations,  which  it  replaces,  so  that 
the  adoption  of  the  indirect  lighting 
system  in  numbers  of  cases  actually 
reduces  the  energy  consumed.  We 
might  here  summarize  the  results  of  a 
test  by  Mr.  J.  R.  Cravath  on  the  light- 
ing of  a  small  room  {Transactions  of 
tlie  Illuminating  Engineering  Society, 
U.S.A.,  l!)Il).  ^  Mr.  Cravath  made  "a 
practical  test  of  the  lighting  in  seven 
different  forms.  The  results  of  the  test 
gave   the  folloAving  relative  efficiencies 


Fig.  1(1— Indirect   Lighting  iu  large  office, 
entire  freedom  from  glare. 

in  lumens  effective   per    lumens   gene- 
rated : — 

Per  cent. 

Direct  lighting  witli  prismatic  re- 
flectors on  ceiling     ,  .  .  .     52 
Bare  lamp  at  ceiling        .  .          .  .     40-9 
Direct  diffused  ligliting  w  ith  S  in. 

opal  bowl  at  ceiling. .  . .     33-7 

Semi-indirect   with   inverted   opal 

reflector  . .  . .  .  .      37  G 

Indirect  ligliting  C"  eye  rest   "  svs- 

tem)        . .  \     29-5 

The  results  of  this  test  applied  in  the 
form  of  curN-es  showing  variations  at 
different  jjoints  in  the  room  from 
minimum  to  maximum  are  very  inter- 
esting, and  indicate  the  foll(n\ing 
facts  :  — 

The  differences  in  minhmun  illu- 
mination Avere  very  slight,  and  there- 
fore approximately  the  same  wattage 
was  secured  for  any  of  the  metliods 
employed.     Assuming  that  Avith  general 


illumination  the  amount   of  poAver  re- 
quired   must    be    determined    by    the 
minimum  illumination,  then  the  differ- 
ences in  efificiency  above  noted  do  not 
indicate  similar  differences  in  the  cost 
of  lighting  the  room.     The  higher  effi- 
ciencies  simply   indicate   a   surplus   of 
illumination  in  those  parts  of  the  room 
most  strongly  illuminated,  and  there- 
fore this  surplus  can  be  regarded  as  a 
disadvantage  rather  than  an  advantage. 
On  this  basis,  i.e.,  the  greatest  degree 
of  uniform  illumination  Avith  the  mini- 
mum   A^alue   as  the  determin- 
ant,   the   experiments   do   not 
indicate     a     more      expensive 
scheme    of    lighting    with    in- 
direct or  semi-indirect  systems 
than   Avith     other    systems    of 
lighting,     i.e.,     for     the  [same 
minimum    illumination.       The 
least    efficient    system    on    the 
pure  physical  basis  of  average 
lumens   per  watt  is  about   as 
good    as    the    most    efficient, 
and  considering    the    question 
of    glare   and   comfortableness 
of  lighting  there  appear  to  be 
material  advantages  in  favour 
of  the  indirect  system. 

Efficiencies  of  indirect  light- 
ing can  be  nuicli  higher  than 
the  foregoing  result  shows  ex- 
tending over  50  per  cent  in 
faA^ourable  cases.  As  the  efficiency 
of  the  X-Ray  mirror  reflectors  employed 
in  the  indirect  lighting  equipment  is 
80  per  cent,  and  the  efficiency  of  the 
average  calcimined  ceilings  (rough  and 
smooth)  is  over  76  per  cent — the  total 
efficiency  of  reflection  Avould  aj)j)ear  to 
be  above  60  per  cent  with  this  system. 

2.  Glare. — Glare  is  undoubtedly  re- 
duced to  the  minimum  by  the  indirect 
system  of  lighting.  The  lamps  them- 
selves are  entirely  hidden,  and  the 
greatest  surface  brightness,  that  on  the 
ceiling,  is  A^ery  much  lower  than  Avith 
any  other  form  of  lighting.  The  very 
large  surface  of  the  ceiling  acts  as  a 
virtual  source  of  ligliting,  giving  almost 
perfect  diffusion  Avith  an  entire  absence 
of  the  uncomfortable  effects  associated 
Avith  glare.     (See  Fig.  10.) 

3.  Shadoiv  Effect. — On  this  point  the 
indirect    lighting    system    stands    pre- 
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eminent  (see  Fig.  11).  Shadows  are  results  from  the  fewest  number  of 
less  dense,  and  the  edges  softer.  It  points  (see  Fig.  12).  It  is  one  of  its 
would  be  a  mistake,  however,  to  assume     important  advantages  that  it  requires 


Fig.  11.-  Indirect  Lighting  in  London  City  Office. 

tliat  tliis  ligliting  is  shadow- 
less, as  this  would  make 
it  objectionable.  It  easts 
shadows  of  a  character 
which  avoid  their  disadvan- 
tages, and  secure  the  ad- 
vantages by  preventing  any 
flat  effect  that  may  occur 
under  other  systems  J  of 
indirect  lighting  such_2|^as 
cove-lighting. 

It  may  be  stated  here 
that  in  comparison  of 
shadows,  one  must  consider 
the  contrast  between  the 
illumination  in  the  shadow 
and  the  surrounding  illu- 
mination. This  is  the 
reason  why  the  shadows 
witli  indirect  illumination 
appear  so  much  less  than 
with  direct  illumination,  but 
it  should  be  remembered 
that  this  system  of  lighting 
is  not  shadowless. 

4.  Evenness  of  Illumina- 
tion.— The  indirect  system 
of  lighting  surpasses  all 
otlier  systems  in  this  hnpor- 
tant  point  and  properly 
installed     gives     the     best 


F[G.  12 —Indirect  liLjtiting  in  ionn-f  ol  I,u.,|....m 
Theatre,  showing  evenness  of  ilhnnination  secured. 
The  walls  are  green  and  the  ceiling  white. 
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niiicli  fewer  outlets  tliaii  tlie  direct 
system.  The  difTerence  is  that  Avitli 
the  indirect  system  of  ilhiminatioii  Ave 
treat  the  iUuminatioii  of  a  room  as  a 
whole,  while  with  tlirect  lighting  ^ve 
may  have  to  treat  it  in  parts  or  sections. 
5.  Comjort  and  Agreeableness  of  Light- 
ing.— C)n  this  point  it  may  be  contended 
that  the  best  results  of  all  are  obtained 
by  indirect  system.  A  restful  and 
beautifully  diffused  illumination  is  ob- 
tained the  conditions  resembling  those 
when  daylight  enters  a  rooms  through 
a  skylight  or  obscured  glass  roof.  With 
proper  tinting  of  the  walls  the  light 
can    be    toned    to    give    rich,    Avarm, 


lighting  of  a  small  room  referred  to,  it 
was  found  that  the  relative  comfort  of 
the  various  systems  stood  in  the  fol- 
lowing order  :  indirect  first,  then  semi- 
indirect,  and  then  the  diffused  direct 
light  -with  the  opal  bowl. 

As  has  been  Avell  said  by  Ferree, 
■■  the  problem  in  modern  lighting  is 
not  so  much  how  to  see  better,  as  how 
to  see  Avith  more  comfort,  and  Avith 
less  damage  to  the  general  health  from 
ej^e  -  strain."  This  empha.sizes  the 
importance  of  comfort  and  agreeable- 
ness in  lighting,  in  Avhich  features  the 
indirect  system  is  so  markedly  pre- 
eminent. 


Fig.  13.  -Indirect  Lighting  in  Auditorum  of  Livf  rpool  Theatre. 

C0NSIDERAT10X.S   or   THE   Objections 
TO  Indirect  Lighting. 


attractive  effects.  Severe  contrasts, 
glare,  and  hcaA-y  shadoAvs  are  eliminated, 
Avith  the  result  that  the  architectural 
features  of  the  room  appear  to  the 
best  advantage  (see  Fig.  13.) 

It  is  perhaps  the  quality  of  ''  natural- 
ness "  Avhich  makes  the  illuminating 
effects  of  tlie  indirect  svstem  so  com- 
fortable and  agreeable.  '  Now  it  is  the 
characteristic  of  good  lighting  to  be 
unobtrusive,  just  as  a  healthy  organ 
of  the  human  body  operates"  uncon- 
sciously, and  does  not  distract  the  atten- 
tion of  its  OAvner.  This  is  characteristic 
of  daylight  and  all  natural  effects,  in 
AA-hidi  Ave  move  and  act  Avithout  being 
con.scious  of  their  presence. 

In  the  test  by  Mr.  Cravath  on  the 


Passing  on  from  this  general  com- 
parison of  the  advantages  of  indirect 
and  other  forms  of  lighting,  we  can 
take  up  the  discussion  of  the  specific 
features  and  adA'antages,  but  before 
doing  so  Ave  may  AAith  adA\antage  con- 
sider the  objections  to  indirect  lighting. 
Inverted  or  indirect  lighting  is  fre- 
quently subject  to  adverse  comment  on 
different  points,  and  Ave  aaIII  consider 
these  in  detail. 

Brightness  of  Ceiling. — ^It  is  some- 
times claimed  that  the  surface  bright- 
ness of  the  ceiling  is  excessiA-e  and  un- 
comfortable,   but   tests   made   do    not 
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confirm  this  claim.  Tests  made  by 
Mr.  Rolph  show  that^  average  white 
calcimine  ceilings  both  rough  and  smooth 
surface  gave  a  reflection  co-efficient  of 
over  76  per  cent,  and  this  value  was 
obtained  quite  uniformly  from  any 
point  on  the  ceiling,  i.e.,  for  any  angle 
of  incidence  of  the  reflected  light  from 
the  inverted  fitting.  This  serves  to 
show  the  large  area  cf  distribution  of 
brightness  on  the  ceiling,  and  the  con- 
sequent low  intrinsic  brilliancy. 


SXTUFACE  BRiaHTNESS  OF  VARIOUS  LlGIlT 

Sources  and  Materials  used  in  Artificial 
Illumination. 

A  B         c 

Canrlle-power    Foot 


Material.                                     pe: 

r  sq.  in. 

Candles. 

B/A. 

Frosted  Mazda  Lamp     ... 

10-8 

2OU0 

185 

Holopliane  Stiletto  Hi  Hec- 

tor (brightest,  part) 

4  75 

llfiO 

214 

Holophane  Bowls 

2-38 

480 

L()2 

Veluria  Retlector 

1-83 

320 

175 

Alba             „         

1-81 

280 

155 

Opalax         „         

1-40 

240 

172 

Alba  Dish 

•9 

1112 

214 

Ceiling  above  Cor  cent  rat  or 

•12* 

23 

192- 

Ceiling  above  Diffnsor   ...  ■ 

•0(55" 

■■     12-5 

192* 

*  These  figures  calculated  only. 

A  number  of  tests  on  this  point  at 

Rugby  jdelded  the  results  given  in  the 

accompanying     table.       All 

the    tests    were  made  ^y\t\\ 

ordinary     60    watt    Mazda 

lamps   maintained    at    con- 
stant voltage.    Two  different 

sets    of    observations    were 

carried    out,     one    with    a 

photometer    and    one    Avith 

an     illuminometer.        Botli 

these  will  be  found  in  the 

table,      the      first     column 

giving    values    of   c.-p.    per 

square  incli  (obtained   witli 

the  photometer)  taken  at 
a  distance  of  10  ft.  from 
a  luminous  source,  and  the 
second  column  givhig  foot- 
candles  read  on  the  illumino- 
meter at  a  distance  of  18  in. 
from  the  source.  The  third 
column  gives  the  ratio  of 
the  first  and  second.  It 
will  be  noted  that  the 
last  figures  of  tlie  table  represent  two 
difEercnt  results  for  ceiling  brightness 
above  an  inverted  fitting.  These  two 
results  represent  the  maximum  value 
obtained  with  two  different  reflectors 


giving  respectively  a  concentrating  and 
diffusing  distribution  of  light. 

This  table  shows  the  very  low  degree 
of  brilliancy  and  intrinsic  brightness 
of  the  ceiling,  and  should  effectually 
answer  all  criticism  on  this  point. 

The  intrinsic  brilliancy  (in  candle- 
power  per  square  inch  of  ceiUng)  with 
indirect  fighting  is  probably  not  over 
one-hundredth  of  the  brilliancy  with 
many  direct  lighting  systems. 

Brightness  of  Walls. — On  this  point 
we  might  say  that  there  need  be  no 
such  condition,  since  the  walls  can  be 
tinted  to  any  degree  of  subdued  shade 
desirable.  (See  Fig.  12.)  It  is  hard 
to  understand,  however,  how  the 
brightness  of  the  walls  can  be  made 
any  objection  in  view  of  the  fact  that 
in  ordinary  daylight  effects  a  large 
part  of  tlie  illumination  comes  in 
through  the  windows,  and  is  reflected 
from  the  side  walls.  Where  the  per- 
sonal taste  of  the  occupant  permits 
brightness  of  the  walls  we  have  here 
evidence  of  a  considerable  horizontal 
component  from  indirect  fighting,  which 
has  considerable  value  in  the  'ighting 


Fig.  ll.-Iadirect  ligbting  in  Drawing-room,  showing 
ornamentation  of  bowl  to  harmonise  with  the  mtcnor 
of  the  room. 


of  ])ictures,  on  liic  walls  and  (ho  faces 
of  the  people  in  the  room.  There  is 
no  system  of  lighting  that  equals 
indirect  lighting  for  bringing  out  the 
pictures  on  the  wall,  and  it  is  the  m- 
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variable  comment  of  the  people,  seeing 
this  system,  that  the  "  pictures  look 
beautiful,"  and  that  people  can  be 
more  easily  recognized  at  a  distance 
in  the  interiors  of  large  buildings.  This 
is  all  clearly  brought  out  in  tlie  photo- 
graphs Avhich  Ave  shoAv. 

This  horizontal  component  of  in- 
direct lighting  is  a  valuable  factor 
in  tlie  illumination  of  vertical  surfaces, 
and  far  from  l)cing  a  disadvantage,  is 
one  of  the  advantages  of  indirect  light- 
ing, \vhich  is  apt  to  be  overlooked  in 
estunathig  the  value  of  the  illumina- 
tion solely  by  the  amount  of  foot- 
candles  given  in  the  horizontal  plane. 


counteracted  by  the  light  from  the 
other  fittings.  In  any  case,  this  effect 
can  be  largeh^  reduced  by  employing  a 
light  coloured  or  white  bowl,  and  the 
lower  part  can  even  be  made  translucent 
if  desired.  In  reality,  practical  experi- 
ence shows  this  point  to  be  one  of  minor 
importance,  and  one  soon  forgotten 
by  those  using  this  system. 

Absence  of  shadows ;  Flatness  of 
Results. — This  is  a  point  of  objection 
urged  by  manj^  to  indirect  lighting 
sj^stems,  and  is  based  on  early  experi- 
ence Avith  ineffective  systems,  such 
as  cove  lighting.  Illumination  without 
an}'  shadows  is  of  course  open  to  certain 


■  J-^_,— ^P'^cial  application  of  Indirect  Lighting  in  Reslaurant 
of  Congress  Hotel,  Chicago.  The  E\  e-Rest  Bowls  and  Reflec- 
tors are  supported  by  ornamental  pedestals  standing  on  the 
floor  instead  of  being  suspended  from  the  ceiling. 


Dark  Appearancz  of  the  Under  Part 
of  the  Bowl  in  Indirect  Fittings.— This  is 
a  very  natural  objection,  and  to  those 
who  are  not  used  to  the  system  it  is 
one  of  the  first  points  to  be  raised. 
It  can  be  made  much  or  little  of, 
depending  upon  the  point  of  vicAv' 
but  as  a  matter  of  fact  tlie  objection 
disappears  with  a  trial  use  of  the 
system.  Tlio  fact  is  more  noticeable 
for  single  ])oint  installations,  for  ex- 
ample, one  fitting  in  a  room,  in  which 
case  the  bowl  shoAvs  dark  against  the 
brighter  ceiling.  Where  there  are  a 
number  of  points,  however,  as  in  the 
larger     iastallations     this     feature    is 


objections  in  producing  a  flat  effect,  and 
unreal  or  confusing  results.  As  avc 
stated,  hoAvever,  earlier  in  the  paper  the 
indirect  lighting  Avith  the  "'  eye-rest  ■"' 
system  gives  rise  to  soft  shadoAvs,  so 
that  this  objection  does  not  hold. 
The  shadoA\s  exist,  but  are  not  so 
noticeable  OAvhig  to  the  complete  dif- 
fusion of  the  light .  It  is  quite  a  mistake 
to  suppose  that  the  sj^stem  is  "  shadoAv- 
less,"  the  shadoAvs  are  there,  but  they 
are  modified  and  reduced  to  an  un- 
objectionable and  liarmless  degree.  The 
accompanying  pliotos  taken  entirely  by 
artificial  light  and  untouched,  clearly 
speak  for  themseh'cs  on  this  point. 
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Coldness  and  Cheerlessncss  of  the 
Light. — Sucli  effects  are  not  giA'en  with 
properly  installed  indirect  lighting. 
It  is  possible,  of  course,  to  produce  this 
effect  by  insufficiency  of  illumination 
through  ineffective  equipment  in  pro- 
curing the  necessary  volume  of  light 
upon  the  ceiling.  As  stated  previously, 
the  tinting  of  the  Avails  can  readily  be 
employed  to  give  any  desired  colour, 
tone,  or  warm  effect  in  the  resulting 
lighting.  But  in  the  main  the  objection 
arises  through  feeble  illumination  and 
the  same  cheerlessncss  A\'ould  be  ex- 
perienced with  a  similar  illumination 
obtained  by  direct  light  units  above 
the  line  of  vision.  In  other  words, 
cold  and  cheerless  lighting  effects  are 
apt  to  be  produced  by  any  form  of 
lighting  when  the  light  results  fall 
below  a  certain  degree  of  brilliancy — so 
as  to  cause  an  impression  of  somljreness 
and  gloom. 


operating  condition.  It  is  hard  to 
understand  why  there  should  be  the 
objection  to  cleaning  the  fittings  regu- 
larly when  Me  consider  that  the  furni- 
ture and  fixtures  of  offices  and  homes 
are  dusted  on  an  average  20  to  30  times 
a  month.  Surely  it  cannot  be  much 
to  ask  and  expect  that  lighting  fixtures 
shall  be  dusted  and  cleaned  twice  a 
month. 

Relative  Cost  of  the.  Indirect  System 
of  Lighting. — The  view  that  indirect 
lighting  consumes  an  excessive  amount 
of  current  compared  with  direct  lighting 
systems  has  been  discussed  earlier 
in  the  paper.  Like  other  criticisms 
this  arises  largely  from  experience  with 
the  older  and  other  more  or  less  in- 
effective forms  of  indirect  fittings. 

Figures  given  in  a  paper  by  Wheeler 
(American  Illuminating  Engineering 
Society  Proceedings,  1912)  show  for  an 
indirect   lighting   installation   made   in 
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Fk}.  1(5. —  Plan  of  elevation   sliowing  arraiigeniont  of   filtinss  in  Congress  Hotel. 
Four  250  watt-lauips  per  point. 
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Difficidty  of  Keeping  the  Fittings 
Clean. — The  point  has  been  made  that 
the  upturned  fittings  collect  dust  and 
dirt,  which  reduces  the  efficiency  of  the 
light  by  settling  on  the  lamps  and 
reflectors.  This  is  valid  criticism,  but 
not  a  serious  one.  The  system  may 
require  rather  more  attention  to  keep 
the  lamps  and  reflectors  clean  than  is 
required  with  some  direct  lighting 
systems,  but  a  test  of  cleaning  costs  in 
the  case  of  Armour  &  Co.'s  oftices  in 
Chicago  was  considerably  in  fa\our  of 
this  indirect  system  as  compared  to  the 
direct  systems.  The  item  is  at  most  a 
small  one  Avhen  we  consider  the  superior 
results  given  by  the  indirect  system,  as 
the  reflectors  and  lamps  need  only  be 
dusted  or  wiped  with  a  cloth  about 
twice  a  month  to  keep  them  in  good 


the  village  auditorium  of  Glenn  Ellyn 
in  LT.S.,  tlie  following  results  : — 

Area  of  interior  40  ft.  by  60  ft. 

Ceiling,  15  ft.  high  in  centre,  12  ft. 
at  sides. 

K(|uipment,  3  CA'c-rest  fittings,  each 
containing  seven  100  watt  timgsten 
lamps,  and  suspended  5  ft.  from  ceiling. 

lUuminometer  readings  made  at  30 
stations  : — 

Average  foot-candles     . .  . .  420 

Watts  per  square  foot    ..  ..  087 

Lumens  per  A\'att            .  .  . .  4-83 

Watts  per  lumen            . .  . .  0-207 

Per  cent  efficienc}'          . ,  . .  5G- 
(Ratio  total  lumens  generated  to  effect- 
ive lumens.) 

This  excellent  result  was  obtained 
with  ceiling  and  walls  of  pure  white 
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putty  coat  plaster,  and  tlie  floor  of  very 
light  maple. 

In  a  paper  reail  l)y  Lansingli  and 
Rolph  (Illuminating  Engineering  Society 
of  U.S.A.,  rroceeflings,  1908)'  an  eflfi- 
eieney  of  7!)  per  cent  was  stated  for 
iiidiiect  ligliting  in  a  room  with  pure 
w  hite  ceiling,  walls,  and  floor. 

The  writers  have  numbers  of  com- 
parisons shoANing  that  the  indirect 
lighting  system  of  installations  effect 
material  saving  in  many  cases  in  energy 
consum])tion  over  the  pre\aous  systems 


Fio.  17.— Indirect  Lighting  in  vestibule  of  Liverpool 
Tlieatre. 


which  the  indirect  system  has  displaced. 
These  comparisons,  covering  all  classes 
of  installations  in  both  large  and  smaU 
shops,  office  buildings,  halls,  theatres, 
&c.,  are  most  interesting  evidences  of 
the  real  gains  in  efficiency  secured  by 
this  excellent  system  of  lighting.  In 
making  comparisons  between  energy 
consumption  of  indirect  lighting  and 
other  systems  one  must  not  fail  to 
consider  the  fact  that  the  indirect 
lighting  effectually  lights  the  whole 
interior,  and  not  spots  or  parts  of  it, 


as  is  generally  the  case  mth  direct 
lighting.  Indirect  lighting  may  cost 
)nore  in  many  cases,  but  it  does  more. 
If  the  systems  of  direct  lighting  Avere 
compelled  to  give  equally  uniform  and 
satisfactory  lighting  with  the  indirect 
they  would  also  require  a  material 
increase  in  wattage. 

Indirect  lighting  has  been  likened  to 
watering  a  flower-bed  by  turning  the 
hose  into  the  air  so  that  the  water  falls 
on  to  the  bed  in  a  gently  and  well- 
diffused  shower  of  scattered  particles. 

Some    Favourable     Experi- 
ences OF  Indirect  Lighting. 

Indirect  lighting  has  been 
adopted  in  some  of  the  largest 
lighting  installations  in  the 
world.  Careful  and  reliable 
tests  were  carried  out  by 
several  large  concerns  in  the 
United  States  in  the  past 
year,  some  of  the  investiga- 
tions extending  over  a  period 
of  six  months  at  the  hands 
of  a  very  competent  investi- 
gating committee  of  engineers. 
The  various  systems  of  illu- 
mination were  fully  con- 
sidered and  thoroughly  tried 
in  each  case,  and  the  resultant 
decision  was  in  favour  of 
indirect  lighting. 

The  concerns  in  question 
were  the  following  : — 

The  Curtis  Publishing  Co. 
adopted  the  equipment  for 
the  lighting  of  their  very 
extensive  publication  build- 
ings in  Philadelphia. 

The  Armour  Packing  Co.  for 
their  establishment  in  Chicago. 
WiUiam  Filene  d;  Sons  Co.  for  their 
large  department  store  in  Boston. 

In  these  and  many  other  cases  direct, 
semi-indirect,  and  other  systems  of 
lighting  were  tried  and  tested,  and  the 
official  decision  was  made  in  favour  of 
the  "  eye-rest "  sj^stem  of  indirect 
lighting. 

Such  results  render  it  desirable  and 
interesting  to  inquire  into  the  proba- 
ble causes  that  contribute  to  such  a 
marked  preference  for  this   system  of 
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lighting.     We  can  consider  these  under 
two  heads  : — 

1.  Considerations  of  a  physiological 
and  psydwlogical  nature  which  may  be 
responsible  for  the  preference  for  in- 
direct lighting. 

2.  Practical  merits  and  advantages 
of  indirect  lighting,  which  tnay  explain 
the  p)'eference  shown  for  it. 

Under    the    first    heading    may    be 
nc hided  the  following  : — 

Direct  brilliant  sources  of  light,  such 
as  a  lamp  filament  cause  the  eye  to  tire 
and  weaken  more  than  when  the  light 
is  diffused.  When  bright  sources  are 
in  the  line  of  vision  the  eyes  are  con- 
stantly shifting  about  seeking  by  move- 
ment to  keep  the  light  from  being 
focussed  with  intensitj'  on  any  one 
spot  on  the  retina.  Further,  the  dis- 
comfort from  exposure  of  the  eyes  to 
bright  sources,  causes,  as  Dr.  X.  M. 
Black  has  pointed  out  (U.S.A.  111.  Eng. 
Soc.  Proceedings,  1911),  the  screwing 
up  of  the  eyelids  and  puckering  of  the 
brow  and  the  maintaining  of  the  pupil 
of  the  eyes  in  a  state  of  constant  con- 
traction in  order  to  exclude  the  excess 
light.  The  nervous  energy  so  expended 
in  bringing  protective  mechanism  into 
pla}^  tends  to  produce  brain  tire  and 
drowsiness,  Avhile  the  fatigue  induced 
by  the  constant  muscular  contraction 
makes  itself  manifest  as  discomfort 
in  and  about  the  eye. 

In  ordinary  sJ^stems  of  lighting,  such 
as  direct  sj^stems,  the  sources  of  illu- 
mination are  numerous,  and  as  a  rule 
many  lights  are  included  within  the  line 
of  vision,  so  that  the  intrinsic  brilliancy 
of  each  point  of  light  impinges  upon 
outer  portions  of  the  retina,  and  uses 
up  the  visual  i)urple  of  the  eye  need- 
lessly. 

Side-light  sources,  within  an  angle  of 
say  26  degrees  cause  rays  of  light 
other  than  those  from  the  object 
focussed  to  enter  the  ej'e  and  use  up 
the  visual  i)uvplc  with  consequent  loss 
of  visual  acuity. 

In  indirect  lighting  there  is  only  one 
source  of  light — the  ceiling — and  there- 
fore tlie  rays  are  prevented  from  strik- 
ing directly  into  the  eye.  '"  Glare  "' 
has  been  suggested  by  Mr.  S.  W.  Ashe 
of  New  York  to  be  the  effect  of  cor- 


cent rated  light  in  the  eye,  which  renders 
high  intensity  necessary  to  ensure  the 
same  sharpness  on  the  retina.  In  this 
respect  the  eye  may  be  likened  to  a 
camera  photographing  an  object  with 
the  sun  in  the  field  of  the  lens.  This 
results,  as  every  one  knows,  in  a  fogged 
plate,  and  objects  are  indistinct  unless 
they  are  highly  illuminated.  If  this 
analogy  holds,  then  when  glare  exists 
as  with  ordinary  systems  of  lighting,  the 
intensity  would  have  to  be  raised  to 
produce  the  same  acuity.  Thus,  of  two 
sj-stems  of  lighting,  the  one  avoiding  all 
glare,  such  as  the  indirect  lighting 
system,  should  rec^uire  less  intensity 
for  equal  visual  acuity.     This  point  has 


FiG.    18.- Iiiiliicct     I.i,i;l.l;ii,i;      ia      liallrueui, 
showing  effective  and  attractive  result.s  giveu. 

been  disputed,  so  that  it  might  be  well 
to  point  out  that  while  it  may  be  that 
actual  visual  acuity  is  not  changed  a\  ith 
glare,  the  effect  of  the  glare  is  the  same 
as  though  it  \\ere.  Under  a  glaring 
light  greater  di-scomfort  and  visual 
depression  result  from  the  retina  having 
the  visual  purple  u.sed  up,  as  explained 
above,  from  side-light  sources,  &c. 
The  cumulative  result  of  this  is  to 
reduce  the  visual  acuitv. 

Dr.  Percy  W.  Cobb' (U.S.A.)  points 
out  tliat  it  iias  been  sliown  that  the  eye 
loses  sensitiveness  by  exposure  to 
strong  light,  and  conversely  that  in 
the  dark  the  eye  increases  in  sentiveness. 
He  says:  ■"This  i)heiiomena  has  been 
found  to  depend  upon  the  retinal 
change  brought  about  by  the  action 
of  the  liglit. 

■  In  the  case  of  cxtremelv  bright  illu- 
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niination,  say,  in  a  practically  dark 
room,  it  is  impossible  for  all  parts  of  the 
retina  to  be  maintained  at  all  times  at 
any  thins;  like  the  same  level  of  sensitive- 
ness. The  i)art  of  the  retina  on  Avhich 
the  image  of  the  work  falls  calls  for  one 
level  of  adaptation,  the  outlying  parts 
corresponding  to  the  Stygian  darkness 
of  the  rooDi  call  for  a  much  lower  level 
of  adaptation,  i.e.,  a  higher  degree  to 
sensitiveness  of  the  retina.  Still  worse 
when  direct  vision  Avanders.  as  it  does, 
from  the  bright  light  to  the  darkness, 
the  conditions  of  these  different  parts 
of  the  retina  are  subject  to  the  total 
reversal  of  these  effects.  Such  con- 
ditions of  discomfort  and  disturbance 
do  not,  of  course,  occiu'  Avith  the  in- 
direct SA'stem  of  lighting." 


Fig.  li'.— Indirect  lii^lititi'^  in  liotel  corridor. 

Dr.  C'o1)b.  in  discussing  '"  glare," 
likens  a  light  source  in  the  field  of 
vision  to  a  loud  noise  in  that  it  distracts 
and  tends  to  capture  one's  attention. 
There  is  a  strong  tendency  to  turn  the 
eyes  toward  the  light  source,  or  it  may 
be  in  some  cases  just  the  reverse — to 
get  the  eyes  away  from  it.  In  any  case 
tlie  result  is  distraction  and  annoyance 
in  trying  to  use  the  eyes  on  one's 
subject  or  work,  and  at  the  same  time 
resist  the  tendency  to  look  at  the  light 
source.  Certain  nervous  strains  are 
thus  produced  which  are  disagreeable, 
and  tend  to  cause  fatigue  and  increase 
the  effort  of  seeing. 

Another  effect  of  glare  already  alluded 
to  is  physiological,  and  is  seen  in  the 
extreme  in  the  blinding  effect  produced 
by  the  light  from  a  motor-car  hcadhght 


being  thrown  in  the  eyes  on  a  dark 
night.  Again,  it  is  explained  in  one's 
attempt  to  see  past  a  brilliant  arc  light, 
to  accomplish  Avhich  one  has  to  shade 
one's  eyes  from  the  brilliancy.  The 
effect  of  glare  in  this  feature  is  to  reduce 
the  ability  of  the  eye  to  see  clearly. 

As  glare  is  A\'holly  eliminated  in  the 
indirect  lighting  system,  these  effects, 
Avhich  fatigue  and  depress  the  visual 
function  caimiot  occur. 

Cravath  made  tests  on  the  effective- 
ness of  light  by  direct  and  indirect 
systems,  by  emploAdng  a  nuniber  of 
observers  to  read  thereunder  and  noting 
the  degree  of  illumination  considered  in 
in  each  case  necessary  for  minimum 
comfortable  results  and  for  ample  effect. 
His  conclusions  were  that  under  ordi- 
nary Avorking  conditions  the  diffuse 
character  of  the  light  falling  on  the  Avork 
has  more  influence  on  the  comfort  of 
seeing  and  the  amount  of  illumination 
recpiired  than  the  brightness  of  the 
surroundings. 

Practical  Merits  and  Advantages  of 
the  System  of  Indirect  Lighting,  Avhich 
may  explain  the  preference  shoAvnfor  it. 

It  has  a  large  area  of  luminous  surface 
(the  ceiling  or  light-giving  area)  insuring 
a  loAv  intrinsic  brilliancy  <»f  the  luminous 
source,  and  a  highly  diffused  character 
to  the  light.  It  therefore  folloAvs  the 
diffuse  lighting  conditions  of  daylight 
in  obtaining  the  Avorking  light  from  the 
largest  possible  surface. 

One  can  sit  in  any  part  of  a  room 
and  read  Avith  comfort,  a  condition  not 
attained  Avith  other  systems  of  lighting 
Avithout  emploAdng  a  larger  number  of 
outlets  and  points. 

The  source  of  light — the  ceiling — 
is  high  Avith  the  result  that  as  the 
light  is  most  excellently  diffused  and 
reflected  to  the  loA\er  part  of  the  room, 
objects  on  the  A\alls  and  in  the  room 
are  clearly  brought  out.  The  reflected 
light  froin  the  objects  (Avhich  causes 
them  to  be  seen)  is  therefore  not  too 
intense,  as  is  apt  to  be  the  case  Avhen 
the  light  sources  are  loAver  doAvn  in  the 
field  of  \asion. 

One  can  assume  a  natural  position  in 
working  or  reading  just  as  in  daylight. 
It  is  not  necessary  to  sit  in  any  definite 
position  or  facing  any  one  direction  or 
hold  the  book  or  AVork  at  any  given 
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angle.  One  sees  satisfactorily  in  everj^ 
position  and  direction,  thus  securing 
relief  from  (a)  bending  for\\'ard  ^\'ith 
congested  positions  of  neck  and  chest, 
which  is  the  customary  unhealthy 
position  the  worker  or  reader  assumes 
with  the  source  of  light  in  front  ; 
(6)  from  sitting  up  straight  as  one  tends 
to  do  when  the  source  of  light  is  in  the 
rear. 

The  excellent  diffusion  of  light  pre- 
vents heavy  shadows  and  sharp  out- 
lines, and  avoids  the  very  objectionable 
regular  reflection  from  polished  sur- 
faces. It  thus  removes  the  glare  pro- 
duced from  the  glazed  paper  surface 
of  modern  books  and  periodicals  which 
is  so  uncomfortable  and  in- 
jurious to  the  eyes.  One 
may  protect  one's  eyes  from 
exposed  light  sources  by  eye 
shades,  &c.,  but  the  glare 
from  glazed  paper  surfaces 
cavised  with  direct  lighting 
is  difficult  if  not  impossible 
to  avoid.  There  is  therefore 
marked  advantage  in  the 
indirect  lighting  system, 
which  does  not  produce 
such  effects. 

It  brings  out  the  beauties 
of  design  of  the  interior, 
while  at  the  same  time  it 
gives  adequate  illumination 
for  the  utilitarian  needs  of 
the  occupants  (Fig.  13). 
How  rarely  such  a  combina- 
tion of  ornamental  and  utili- 
tarian results  is  obtained  may  be 
realized  if  one  studies  the  generality  of 
lighting  installations. 

Gives  a  close  approach  to  daylight 
effects  by  skylight  illumination,  which 
it  is  recognized  gives  the  most  excellent 
illumination  obtainable — the  ideal  of 
perfect  lighting. 

Gives  the  greatest  degree  of  rest  ful- 
ness, and  soft,  agreeable,  and  natural 
effect.  Its  results  are  unconsciously 
produced,  and  therefore  very  natural, 
like  daylight  effects. 

Requires  fewer  outlights  than  other 
systems  for  ecpial  illuminating  results. 
Perfectly  adaptable  to  the  majority  of 
interiors  Avithout  structiu'al  cliaiig(\s. 
and  with  a  niinimuln  of  alterations, 
the   only  conditions   required   being   a 


light-coloured  ceiling,  either  flat  or 
arched. 

Very  easily  and  readily  installed  in 
place  of  existing  fittings. 

The  bowl  of  fitting  can  be  made  to 
harmonize  in  ornamentation  and  colour 
Avith  that  of  the  ceiling  or  general 
interior.  (See  Fig.  14.)  The  bowls 
lend  themselves  to  attractive  effects 
of  various  kinds,  e.g.,  as  hanging  baskets 
of  ferns  or  flowers,  thus  concealing 
their  real  purpose.  The  fittings  can 
therefore  be  made  objects  of  beauty 
l>oth  by  day  and  night. 

Ijiteresting  and  artistic  special  appli- 
cations can  be  made,  which  dispense 
with  having  anything  suspended  from 


Flu.  2').  — Indirect  Lighting  iu  oliice. 

the  ceiling — thus  giving  a  clear  ceiling 
— a  feature  that  may  be  preferred  in 
some  cases.  This  result  has  been 
accomphshed  in  the  dining-room  of 
the  Congress  Hotel.  Chicago,  by  the 
use  of  marl)le  ])illars,  about  8  ft.  high 
distributed  about  the  room,  each  sup- 
porting an  ornamental  flower  urn  at  top, 
in  which  the  lights  are  concealed.  (See 
Fig.  15.) 

It  satisfies  most  fully  the  real  test  of 
good  illumination,  namely,  the  ability 
of  the  eye  not  only  to  discern  details 
distinctly,  but  to  contiiuie  this  visual 
eft'ort  for  a  good  length  of  time  with  a 
minimum  of  eye  strain  and  fatigue. 
Practical  experience  in  ottice  lighting 
has  tlemonstrated  a  material  increase 
of   etliciencv   of   the   oflicc   force    with 
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the  use  of  indirect  illuiiiination  After 
all  it  is  the  eye,  and  not  the  illuniino- 
meter  which  is  the  proper  judge  of 
what  is  tiie  best  and  most  satisfactory 
illumination. 

The  Application  and  Value  of 
Indirect  Lighting  to  the  Various 
Classes  of  Buildings  and  In- 
teriors. 

We  can  best  conclude  the  discussion 
of  our  subject  by  detailing  some  of  the 
practical  advantages  of  indirect  lighting 
in  various  classes  of  buildings,  from 
homes  to  theatres  and  churchos. 


Fid.  21. —  Elevation  showing  light  distribu- 
tiun  in  the  olHce  illustrated  in  Fig.  2ii. 

Theatre  Light inj  and  Auditoriums, 
Ball-RooniH,  Public  Halls,  Churches,  dhc. 
(See  Figs.  13  and  17.) — It  is  of 
special  importance  in  theatres  and 
churches  to  remove  all  light  sources, 
even     those     of     moderate     brilliancv, 
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Fk;.  •22.-l'lan  of   ollice  (iMg.  2()j    showing 
p-jjats.    Three  KJO-watt  lamps  per  point. 

from  the  line  of  vision.  The  normal 
po.sition  of  the  audience  brings  their 
eyes  looidng  slightly  ujnvards,  so  that 
at    ordinary    heights    exposed    lights 


shine  directly  into  the  eyes.  A  person, 
moreover,  cannot  here  obtain  relief 
by  turning  the  eyes  away  as  can  be 
done  in  an  office  or  ordinary  room. 

Therefore  the  indirect  lighting  system 
has  special  application  and  value  for 
this  field  of  service. 

Further  its  unconscious  effects  keep 
the  audience  or  congregation  from 
realizing  that  there  is  any  source  of 
light,  and  avoids  any  distraction  of 
attention  from  the  stage  or  pulpit. 

In  moving  picture  theatres  this 
system  of  Kghting  permits  a  hghted 
auditorium  when  the  pictures  are 
being  thrown  on  the  screen — some- 
thing impracticable  with  other 
lighting  sj'stems.  In  ballrooms  (see 
Fig.  18)  the  results  secured  are  highly 
effective,  and  the  light  is  of  the  agreeable 
quality  which  social  conditions  require. 

Hotels,  Clubs,  ayid  Restaurants. — 
Some  of  the  most  elegant  hotels  in  the 
world  are  lighted  by  the  indirect  light- 
ing sj^stem.     (See  Fig.  19). 

The  restaurant  of  the  Congress  Hotel 
in  Chicago  has  attracted  world-wide 
comment,  and  the  illumination  is  so 
agreeable  that  the  women  patrons  have 
called  it  the  "  complexion  room." 

Offlces.  Banks,  <£;c.  (See  Figs.  10 
and  11.) — In  offices  indirect  lighting 
renders  desk  or  individual  lights  un- 
necessary, and  gives  a  minimum  number 
of  fixtures.  The  illu- 
mination is  evenly 
distributed  so  that 
all  parts  of  the  office 
are  available  for 
work.  The  cheerful 
quality  and  satis- 
factory effects  of 
the  illumination  are 
strong  factors  in  ob- 
taining the  highest 
efficiency  of  em- 
ployees. Indirect 
lighting  has  done 
away  with  the  neces- 
sity of  localized 
ligliting  in  offices,  Avhich  has  been  and 
is  responsible  for  an  untold  amount 
of  eye  troubles,  headache,  and  nervous 
troubles  to  employees. 


arrangement  of 
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Shops   and  Display   Bootns.      Shops     liglit  conditions  very  closely,  and  thus 
are     most     attractively       illuminated     gives    ideal   illumination   for   such    in- 
by    indirect    lighting.  ^     No    shadows     teriors.     The  light  is  perfectly  diffused, 
are       thrown      from     the      numerous     and    of    sufficient    intensity    for    com- 
fortable   reading    anywhere 
in  the  room. 

It  renders  unnecessary  the 
use  of  local  lights  or  table 
lamps,  and  avoids  their  ill 
effects.  Table  lamps  as 
generally  employed  in  librar- 
ies are  placed  directly  in 
front  of  the  reader,  pro- 
ducing irritating  reflections 
from  table  and  surface  of 
paper,  and  inducing  a  for- 
ward stooping  position  of 
the  reader.  With  indirect 
lighting  one  can  read  satis- 
factorily in  any  position, 
and  a  natural  position  can 
therefore  be  assumed  in  any 
part  of  the  room. 

In  museums  and  picture 
galleries  indirect  lighting  is  wonderfully 
effective  in  reproducing  skylight  effects, 
and  the  exhibits  of  articles  or  pictures 
are  brought  out  with  wonderful  dis- 
tinctness. 


Fig.  2.'5.-  Indirect  Li.nlilii 
the  absence  of  liii'h  li 


ii  ill  ])'Ktnre  siiUfi-y- 
;lits  on  tlie  iiictures.) 


(Xo- 


racks    and     goods     displayed,     where 
with    ordinary   ligliting   such   shadows 
are      unavoidable.        Customers     and 
employees     are      relieved     from     any 
annoy inglglare,  and^all  the  goods  on 
shelves,   frames,    or 
in     cases     and     on    p 
counters  are  clearly    ' 
and        attractively 
lighted. 

The  system  is  em- 
ployed to  marked 
advantage  in  auto- 
mobile shoAvrooms. 
The  light  is  so  well 
distributed  that 
every  detail  of  the 
cars  is  clearly 
brought  out. 

Schools,  Libraries, 
Museums,  and  Pic- 
ture Galleries.  (See 
Fig.  23.)— Comfort- 
able and  hygienic 
conditions  of  see- 
ing are  absolutely 
necessary  in  schools 
and  libraries. 
Especially    is     this 

the  case  in  schools  where  the  eyesight 
of  the  children  is  in  question 


waril  of 


The  indirect  system  reproduces  day-     m 


Fm.  24.— Iiuliicct  li.i,'htinf;  in   tlie   woinen  s 

Ohiswick   Cottage   Ilo.'^pital.    Special   dust    proof 
littiuss  employed. 

Ilospifals.     (See  Fig.  24.)— The  need 

for  comfortable  lighting  is  most  marked 

hospitals.     The   sick   and   suffermg 


38 


THE   ILLUMINATING   ENGINEER. 


should  be  shielded  from  tlie  irritation  moiiize  with  the  decorations  and  fur- 
of  exposed  light  sources,  as  patients  nishings  of  the  room.  Both  from 
in  bed  in  hospital  wards  are  helpless  an  artistic  as  well  as  from  a  utilitarian 
to  jjrotect  their  eyes  against  the  iUs  of  standpoint,  indirect  hghting  secures 
ordinary  lighting.  ^'i^  advantage  that  there  are  no  lamps 

obtruding  themselves  in 
view,  and  forcibly  hold- 
ing the  eye  by  their 
l)rilliancy,  but  instead,  only 
an  ornamental  bowl,  "  over- 
flowing with  soft,  ambient 
light." 

Whether  in  the  draAving- 

room    or    dining  -  room     or 

bedroom ,    indirect    lighting 

will  be  found  to  satisfy  the 

various   requirements    in    a 

most  pleasing  manner.      It 

can  be  satisfactorily  supple- 

":^i^     mented,  like  daylight,  with 

localized  illumination  Avhere 

required. 

Fig.  2.J. — Indirect  lighting  in  private  liouse.  o  ^i  •    i        ^i     j. 

borne    may    thmk     that 

The  softness  and  agreeable  daylight  we  have  overdrawn  the  merits  of 
quality  of  indirect  lighting  ensures  the  this  system,  but  it  is  impossible 
comfortable  and  soothing  effects  so  to  fully  describe  its  excellent  results, 
desirable  for  the  sick.  The  light  can  It  must  be  seen  to  be  appreciated. 
be  dimmed  to  any  desired  degree  of  When  properly  installed  under  proper 
tAvihght  effect  while  still 
retaining  its  perfect  uni- 
formity. 

Residences.  (See  Figs. 
14,  25,  and  26.)— In  the 
liome,  more  than  any- 
where else,  harmonious 
and  restful  lighting  is 
a  reciuisite.  The  Avord 
■"  home"  spells  comfort, 
and  the  lighting  should 
contribute  thereto.  It 
is  not  surprising,  there- 
fore, to  find  that  in- 
direct lighting  is  find- 
ing its  way  into  resi- 
dences, and  changing 
the  irritating  injurious 
glare  and  strong  reflec- 
tions of  exposed  light 
sources  into  comfortable  and  agreeable  conditions  the  results  given  by  in- 
lighting,  direct   lighting    surpass  all     that    any 

In(iirect  lighting  not  only  provides  description  of  it  can  convey,  and  \\\\\ 
illumination  of  marked  comfort,  but  be  found  surprisingly  satisfying  and 
permits  the  use  of  fixtures  which  har-     beyond  all  expectations. 


Fig.  2<i. — Indirect  lighting  in  drawing  room. 
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Discussion. 


The  Chairman,  after  expressing  the 
thanks  of  the  meeting  to  the  authors 
upon  their  instructive  paper,  invited 
discussion  on  the  subject.  He  pointed 
out  tliat  as  the  paper  had  only  partially 
been  read,  and  had  not  long  been  in 
the  hands  of  the  members,  it  could 
not  have  received  the  study  it  deserved. 

The  discussion  was  opened  by  Mr. 
Frank  Bailey,  who  emphasized  the 
necessity  of  shading  lamps,  especially 
since  the  introduction  of  the  excessively 
bright  metallic  filament  lamps.  The 
authors,  he  said,  had  rightly  laid  stress 
on  the  question  of  glare,  and  referred 
to  the  disastrous  effect  of  motor-car 
head-lights.  Glare  existed,  however, 
and  would  have  to  be  endured  unless 
some  method  of  indirect  or  semi- 
indirect  lighting  were  adopted. 

Many  of  the  examples  shown  by 
the  authors  were,  he  thought,  capable  of 
improvement,  and  more  experience  of 
both  systems  was  wanted  before  any 
decision  could  be  come  to  as  to  com- 
parative merits. 

He  did  not  consider  that  the  spotty 
effect  of  a  dark  globe  suspended  from  a 
ceiling  Avas  so  pleasant  as  the  semi- 
indirect  method.  With  the  reflecting 
power  of  the  semi-transparent  globes 
a  better  effect  was,  as  the  authors  had 
pointed  out,  obtained  where  only  a 
few  of  the  lamps  were  employed. 

He  felt  that  papers  of  the  kind  under 
discussion  deserved  to  be  addressed 
to  non-technical  audiences.  The  users 
were  the  persons  whom  it  was  desired 
to  educate  to  the  new  methods,  the 
people  who,  as  time  went  on,  would 
suffer  most.  In  this  way  members 
might  have  an  opportunity  of  ])lacing 
before  the  i)ublic  the  serious  dangers 
attending  the  progress  of  lighting 
when  accompanied  by  such  glare. 

He  hoped  the  paper  would  prove 
beneficial  in  drawing  not  only  the 
attention  of  the  members  of  the  Illu- 
minating Engineering  Society,  but  of 
the  wider  public,  to  the  indirect 
method  of  lighting. 


Mr.  Haydn  T.  Harrison  said  that 
if  the  system  advocated  were  very 
generally  adopted  suppty  engineers 
would  have  to  be  congratulated,  as 
well  as  the  authors  of  the  paper.  He 
had  noticed  that  the  iateresting  figures 
given  were  based  upon  rooms  with 
light  ceilings  and  walls,  but  even  under 
these  conditions  he  thought  the  figures 
were  somewhat  in  excess  of  what  most 
people  could  afford  to  spend  on  lighting 
their  homes.  He  had  worked  out 
the  energy  necessary  on  the  system 
discussed  in  the  paper,  assuming  a 
white  ceiling  and  average  drab-coloured 
walls  to  be  contemplated,  and  taking 
the  case  of  his  own  dining-room,  he 
had  found  that  he  would  require  five 
times  the  amount  of  energy  at  present 
used  to  equal  the  present  illumination. 

Mr.  Willcox  had  referred  to  the 
possibility  of  using  a  lower  grade  of 
illumination,  so  that  the  IJ-  to  2  foot- 
candles  the  speaker  at  present  worked 
with  could  be  reduced  to  0'5  foot- 
candle.  He  had  not  had  enough  ex- 
perience of  indirect  lighting  to  settle 
this  point,  but  if  it  was  so  no  doubt 
the  amoiuit  of  energy  used  would  be 
sufficiently  reduced  to  allow  people 
to  afford  to  use  the  s^'stem. 

He  was  rather  inclined  to  follow 
Mr.  Bailey  in  his  preference  for  the 
semi-indirect  system.  The  pictures  ex- 
hibited had  sliown  the  dark  lower  half 
of  the  fittings  of  the  purely  indirect 
system,  and  they  looked  very  black 
against  the  brilliant  ceiling. 

He  had  gone  into  tlie  question  of  the 
intrinsic  brilliancy  of  the  ceiling,  and 
as  one  of  the  curves  exhibited  had 
shown  that  the  reflectors  produced 
300  candkvpower  for  75  watls,  and 
the  fitting  was  ]>laced  witliin  2  ft. 
of  the  white  ceiling,  therefore  tlic 
illumination  in  candle  feet  exactly 
above  the  fitting  would  be  in  the 
neighbourhood  of  75  ;  by  putting 
three  lamps  into  the  fitting  this  bril- 
liancy \Aas  increased  to  200  or  210  foot- 
candles.  On  a  very  white  ceiling 
this     would     be     a     high     degree     of 
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brilliaiicj^  and  a  black  body  exactly 
below  this  very  brilliant  white  sur- 
face would  result  in  an  effect  very 
similar  to  that  of  glare.  It  was  for 
this  reason  that  the  speaker  preferred 
the  semi-indirect  to  the  direct  system 
of  lighting. 

A  discussion  had  recently  arisen  in 
The  Illuminating  Engineer  on  the 
question  of  the  flatness  of  indirect 
light.  In  one  of  the  slides  shown  by 
Mr.  Willcox,  a  slide  representing  the 
interior  of  a  room,  there  appeared  a 
white  statue,  which  could  only  be 
recognized  as  a  statue  by  its  outline 
against  a  dark  background  ;  the  details 
could  not  be  seen.  To  reproduce  that 
statue  in  the  way  in  which  the  artist 
carved  it,  it  would  be  necessary  to 
have  the  light  coming  from  one  direc- 
tion ;  as  the  statue  had  no  doubt 
been  produced  in  a  studio  with  a 
northern  light.  The  details  of  the 
statue  in  the  picture  were  not  visible 
because  the  illummation  came  from 
all  directions,  which  A\'as  one  of  the 
greatest  objections  to  the  indirect 
lighting  method. 

From  the  point  of  view  of  protecting 
the  eyes,  the  method  should,  and  he 
hoped  would,  be  encouraged. 

Mr.  W.  J.  Liberty  said  that  it  would 
be  a  very  good  object  lesson  if  the 
members  would  turn  from  the  large 
number  of  photographs  that  had  been 
shown  that  evening,  and  have  the 
lights  in  the  hall  switched  off  to  enable 
members  to  see  the  actual  results  from 
a  demonstration  in  the  adjoining  lobby 
(visible  through  tlie  glass  screen)  of  a 
sample  of  indirect  lighting,  similar  to 
that  described  by  Mr.  F.  W.  Willcox, 
The  "  dish  "  of  this  fitting  was  quite 
opaque,  the  ceiling  white,  and  the  walls 
dark,  with  statuary,  similar  to  that 
shown  in  some  of  the  photographs, 
which  were  thrown  up  very  well ;  but 
the  working  plane  level  was  not  so 
satisfactory. 

(At  his  request  the  lights  were  so 
switched  off.) 

^  Mr.  W.  C.  Clinton  thought  that  the 
siiadows  could  be  made  of  sufficient 
intensity  by  reducing  the  number  of 
sou^ce.^  ;     a   fcAV    well-selected   sources 


would  give  quite  enough  shadow  for 
most  purposes.  The  uneven  illumina- 
tion of  ceilings  in  indirect  lighting, 
to  which  some  objection  had  been  taken, 
becomes  necessary  if  objects  below  are 
to  cast  well  defined  shadows. 

Mr.  Charles  A.  Baker  considered 
that  more  experimental  work  was 
necessary  to  provide  data  enabling 
engineers  to  calculate  on  reasonably 
precise  lines  the  results  that  would  be 
obtained  by  the  use  of  indirect  lighting. 

The  authors  had  shown  some  lantern- 
slides  in  which  the  light  rays  were 
represented  as  falling  on  the  walls  and 
floors  ;  but  the  full  lines  and  dotted 
lines  represented  one  ray  rather  than 
the  bulk  of  the  rays,  and  might  equally 
well  be  shown  striking  the  ceiling  at 
any  other  angle,  with  totally  different 
results. 

He  had  always  found  difficulty  in 
predetermining  with  any  degree  of 
accuracy  the  results  in  foot-candles 
that  would  be  obtained  upon  or  within 
3  ft.  of  the  floor  surface. 

The  height  of  suspension  from  the 
ceiling  was  a  very  important  matter  ; 
the  raising  of  the  fitting  by  1  or  2  ft. 
produced  different  effects,  sometimes 
better,  sometimes  worse,  being  de- 
l^endent  upon  the  factors  representing 
brilliant  illumination  over  a  limited 
ceiling  area  with  the  fittings  sus- 
pended as  high  as  possible,  or  a  softer 
effect,  generally  with  greater  evenness, 
with  lower  suspension.  Perhaps  the 
vertical  position  is  often  decided  from 
the  point  of  view  of  taste  rather  than 
the  more  useful  point  of  view  of  prac- 
tical experience. 

The  effect  of  inverted  lighting  de- 
panded  so  much  on  the  whiteness  of  the 
ceilings  and  the  colour  of  the  walls, 
which,  of  course,  gradually  lost  that 
whiteness  for  reasons — except,  perliaps, 
in  the  case  of  one's  own  private  house — 
not  within  the  control  of  the  man  in 
charge  of  the  lighting.  The  architect 
is  the  man  in  the  case  of  public 
buildings  who  usually  regulates  the 
cleaning  and  repainting  at  intervals  of 
two,  three,  or  five  years,  but  by  that 
time  the  power  of  the  decorations  to 
reflect  rays  of  light  will  have  seriously 
deteriorated. 


DisctrssioK. 


41 


When  employing  a  system  of  direct 
artificial  lighting  it  is  often  practicable 
for  a  person  to  mcrease  vastly  the  foot- 
candles  or  lumens  on  a  given  surface  by 
approaching  the  source  of  light — in  the 
case  of  desk  or  table  illumination, 
using  as  an  example  a  25  c.-p.  lamp 
suspended  4  ft.  above  the  desk,  by 
rising  from  a  sitting  to  a  standing  posi- 
tion an  increase  from  156  foot-candles 
to,  say,  625  foot-candles  is  easily 
effected,  a  marked  convenience  for 
occasional  purposes  of  everyday  life — 
but  with  a  system  of  indirect  lighting 
such  optional  increase  is  not  available. 
This,  Mr.  Baker  said,  was  one  of  his 
reasons  for  putting  forward  the  state- 
ment that  2  foot-candles  of  direct 
lighting  sliould  be  replaced  by  4  foot- 
candles  of  indirect  lighting. 

A  further  point  that  he  had  met  in 
practice  where  some  large  rooms  are 
illuminated  by  means  of  inverted  arc 
lam])s,  the  system  is  found  to  be  addi- 
tionally expensive  in  consequence  of 
the  energy  consumed  during  the  time 
occupied  by  the  cleaners.  To  minimize 
this  as  far  as  possible,  a  circuit  of  in- 
candescent lamps  affording  direct  illu- 
mination has  been  rim  through  the 
rooms  to  be  employed  instead  of  the 
inverted  system  whilst  the  cleaning  of 
tlie  rooms  is  in  progress. 

In  one  of  the  slides  shown  by  the 
authors — that  of  tlie  dining-room  of  a 
large  liotel  in  Cliicago — the  light  was 
thrown  on  to  the  ceiling  from  some 
vases  supported  by  pedestals  resting 
on  the  floor  ;  the  ceiling  was  cut  up 
into  panels  by  the  girders  carry- 
ing the  floor  above,  so  tliat  the 
shadow  effect  on  the  side  of  tlie 
panels  A\as  extremely  objectionable. 
Large  l)uildings  arc  now  being  con- 
structed on  the  ferro-concrete  ]niiiciph; 
in  London,  and  he  believed  that  one 
of  the  advantages  of  this  form  of  con- 
struction was  that  the  floors  could  be 
built  comparatively  thin,  Avitli  greater 
resulting  hea(l-ro(mi  for  a  minimum 
heiglit  of  l)uil(ling.  As  a  consequence 
the  beams  protrude  about  12  in.  or 
15  in.  below  the  general  level  of  the 
ceiling.  That  kind  of  ceiling  forma- 
tion rendered  the  indirect  systiMiis  of 
illumination  rather  more  diflicuK,  and 
the  result  not  quite  so  pleasant. 


In  his  view  the  authors  had  not, 
having  regard  to  what  they  termed 
semi-indirect  lighting  with  translucent 
bowls,  attached  sufficient  importance 
to  the  cleaning.  Bowls  hung  up  near 
the  ceiling  were  difficult  to  get  at,  and 
some  expense  would  be  involved  if  they 
were  to  be  carefully  cleaned  very  often. 

It  \va,s  also  rather  more  difficult  with 
indirect  lighting  to  ascertain  the  effi- 
ciency of  the  lamps,  which  blacken  un- 
noticed with  age.  The  system  would 
need  a  great  deal  of  attention  to  keep 
it  up  to  the  figures  given  by  the  authors 
on  p.  31  for  the  three  fittings,  each 
containing  seven  100-watt  tungsten 
lamps.  These  figures  quoted  with 
this  example  were  encouraging,  and 
the  speaker  hoped  that  they  would 
be  obtained  more  generally  in  practice, 
as  the  system  would  then  gain  in  popu- 
larity, the  question  of  pounds,  shillmgs, 
and  pence  being  an  essential  one. 

Mr.  W.  M.  Mordey  felt  that  the 
authors  should  be  thanked  for  giving 
expression  to  modern  views  of  the 
lighting  of  interiors.  It  was,  of  course, 
not  new— there  had  been  many  ex- 
amples of  indirect  lighting  in  London 
for  some  years,  for  instance,  the  very 
fine  dining-room  in  Sir  Ernest  Cassell's 
house  in  Park  Lane. 

The  Building  Connnittee  of  the 
Institution  of  Electrical  Engineers  had, 
when  considering  the  lighting  of  the 
new  theatre,  adopted  the  principle 
that  there  should  be  no  exposed  lights 
at  all.  Although  the  results  had  been 
criticized,  regular  users  of  the  theatre 
Avould  agree  that  the  lighting  was 
(|uite  satisfactory,  even  if  the  impres- 
sion produced  on  entering  Avas  to  a 
certain  extent  one  of  dinnicss.  It  was 
a  ((uestion  of  the  proper  standard, 
which  slioiild  be  "  good  seeing  "  rather 
than  high  illumination.  He  thought 
they  would  agree  that  there  was  verv 
''  good  seeing  "  in  the  theatre  of  the 
Institution  of  Electrical  Engineers. 
The  effect  in  relation  to  comfort,  to 
which  the  authors  had  referred  several 
times,  was  very  good,  greater  than 
in  the  case  of  any  other  jniblic  buildhig, 
theatre,  or  lecture  hall  with  which  he 
was  accjuainli'd. 

The  authors  hud  referred  to  "'  visual 
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efficiency/ '  Did  they  mean  the  relation 
between  energy  expended  and  the 
Hght  produced,  or  was  the  intention 
to  express  the  relation  between  light 
produced  and  effective  seeing  ?  If 
good  seeing  was  the  only  thing  that 
mattered,  as  he  contended,  then  we 
must  remember  that  people  could  see 
better  with  a  bad  light  and  comfort 
than  witli  a  good  Hglit  and  discomfort. 
Tlie  pupil  of  the  eye  took  care  of  that. 
He  had  once  been  blamed  by  the  gas 
journals  for  using  the  expression  '"  whip 
lash  on  the  eye  "  in  referring  to  modern 
lamps,  but  he  thought  the  general 
recognition  of  the  necessitj^  for  indirect 
lighting  justified  the  term. 

Mr.  J.  G.  Claek  thought  that  the 
method  of  lighting  was  largely  a  matter 
of  taste. 

The  authors  had  shown  slides  repre- 
senting the  illumination  of  churches, 
but  he  could  say  that  he  had  seen 
photographs  of  cliurch  interiors,  lighted 
by  direct  methods,  in  which  the  archi- 
tectural features  were  excellently  shown, 
and,  in  his  opinion,  were  cj[uite  as  good 
as  the  indirect  examples  sho^^^l  by 
the  authors  of  the  paper. 

He  had  noticed  in  one  or  two  of  the 
slides  a  distinct  patchiness  on  the 
ceilings,  and  it  seemed  to  him  that 
such  unsiglitliness  might  have  been 
avoided  if  the  units  had  been  loAvered 
by  6  in.  to  12  in.  ;  the  spread  of  the 
liglit  would  have  been  greater,  and 
there  would  have  been  more  over- 
lapping. The  contrasts  do  not  improve 
the  appearance  of  the  architecture. 

The  speaker  tlien  exhibited  a  fitting 
on  the  semi-indirect  gas  lighting  sj^stem, 
pointing  out  that  it  could  be  easily 
modified  to  tlie  pure  indirect  system, 
if  required,  although  personally  he  pre- 
ferred tlie  semi-indirect.  He  had,  un- 
fortunately, no  working  data  Avith 
regard  to  the  system,  as  there  A\-ere 
no  extensive  installations  in  London, 
although  there  were  several  elsewhere. 

Four  sHdcs  were  then  shown  illus- 
trating semi-direct  fittings,  these  slides 
emanating  from  the  American  Illu- 
minalinfj  Engineer. 

Prof.  D.  A.  Louls  referred  to  a 
personal  experience  in  the  case   of   a 


living  room  ;  this  room  was  not  large, 
and  had  a  dark  paper.  It  was  filled 
with  various  odds  and  ends  that  people 
liked  to  look  at.  Parts  of  the  room, 
of  course,  were  onty  to  be  seen  by 
artificial  hght.  Every  kind  of  illu- 
mination had  been  tried  —  candles, 
lamps,  and  electric  light — but  the 
SA'stem  indicated  by  the  authors  had 
not  so  far  been  tried. 

The  speaker  then  recounted  how  a 
visitor  to  the  house  had  endeavoured 
to  improve  the  lighting  in  various 
ways,  such  as  concealing  it  behind 
double-ended  cornices,  picture-rails,  &c. 
At  the  outset  of  these  experiments 
the  ceiling  Avas,  of  course,  white, 
when  it  was  found  that  the  effect  of 
moderate  distribution  of  light  was 
better  than  light  strongly  distributed. 
With  the  subsequent  discolouration 
of  the  ceiling,  however,  the  pleasant 
soft  light  gave  place  to  a  yellowish 
tinge,  not  nearly  as  agreeable. 

Mr.  Thomas  E.  Ritchie,  after  con- 
gratulating the  authors  upon  their 
paper,  stated  that  he  was,  speaking 
generally,  in  complete  agreement  with 
their  views.  He  had  had  an  oppor- 
tunity, during  a  recent  visit  to  the 
provinces,  of  seeing  the  installation  at 
the  theatre  referred  to  by  Mr.  Willcox, 
and  could  testify  to  the  excellent 
results  obtained,  Avhich,  however,  must 
be  seen  to  be  appreciated  at  their  true 
value. 

He  was  inclined  to  think  that  the 
authors  had — no  doubt  unwittingly — 
conveyed  a  someA\'hat  false  impression 
as  to  the  age  of  indirect  lighting.  The 
particular  system  to  which  the  paper 
mainly  related  was,  it  is  true,  of  com- 
paratively recent  development,  but  in- 
direct lighting  per  se  was  of  much 
greater  antiquity  than  might  be  sup- 
posed from  their  remarks. 

Several  large  installations  had  to 
his  knowledge  been  in  constant  use  in 
tliis  country  for  upwards  of  fifteen 
years,  and  lumdreds  for  upwards  of  ten. 

The  authors  had  very  rightly  drawn 
attention  to  the  increased  insual  effi- 
ciency of  indirect  ligliting  and  the  more 
satisfactory  shadow  factor  resulting 
from  the  increased  diffusion  usually 
obtained,  and  he  would  like  to  emplia- 
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size  these  points  by  giving,  firstly, 
tlie  result  of  an  interesting  test  recently 
carried  out ;  and,  secondly,  some 
particulars  of  two  installations  which 
had  a  direct  bearing  upon  these  points. 

The  test  was  made  for  the  purpose  of 
determining  the  difference  (if  any)  in 
the  illumination  required  by  the  eye 
for  the  performance  of  the  same  work 
by  direct  and  indirect  lighting  respec- 
tively. 

Seven  persons  were  tested,  varying 
in  age  from  17  to  45  years,  and  all 
possessed  of,  as  far  as  was  known, 
normal  sight.  The  test  consisted  in 
the  reading  of  the  small-type  words  and 
figures  on  the  back  of  an  ordinary  slide- 
rule  which  was  in  new  condition.  A 
long  room  was  illuminated  by  a  single 
inverted  arc  lamp  fixed  at  one  end. 
The  test  piece  was  placed  upon  a  mov- 
able desk  with  a  sloping  top  similar, 
as  regards  its  height  and  the  angle  of 
its  working  surface,  to  those  usually 
used  in  commercial  offices. 

The  desk  was  gradually  moved  away 
from  the  lamp  until  a  point  was 
reached  at  which  the  seven  individuals 
only  just  correctly  read  both  the  letters 
and  figures,  and  the  illumination  was 
then  measured. 

The  test  was  repeated  for  the  direct 
lighting  by  illuminating  the  working 
surface  of  the  desk  by  a  metal  filament 
incandescent  lamp  suspended  from  a 
counterweight  fitting,  and  equipped 
with  a  prismatic  glass  shade  of  a  well- 
known  make.  The  illumination  was 
decreased,  by  raising  the  lamp,  to  a 
value  at  which  both  words  and  figures 
could  again  only  just  be  accurately 
deciphered.  The  slide  before  them 
showed  the  results  obtained.  Taking 
in  each  case  the  minimum  foot-candles 
necessary  to  enable  the  seven  indi- 
viduals to  read  the  words  and  figures 
correctly,  the  values  were  : — 

For  direct  lighting,  7-3  foot-candles  ; 

For     indirect     lighting,      1-5     foot- 
candles  ; 
or,    approximately    80    per    cent    less 
light  for  the  same  work  when  applied 
indirectly  than  when  applied  directly. 

The  test  was  admittedly  very  critical, 
as  tiie  surface  was  glazed.  An  economy 
of  from  40  to  50  per  cent  in  the  light 
required  was,  however,  quite  connnonly 


met  with  in  everyday  installations,  and 
he  knew  of  several  instances  in  which 
those  wearing  glasses  to  assist  Aveak 
sight  had,  after  some  months  of  experi- 
ence of  indirect  lighting,  found  them- 
selves able  to  dispense  with  them. 

The  second  slide  showed  the  same 
results,  with  the  addition  of  the  rela- 
tive measurements  of  the  surface  bright- 
ness of  the  ceiling  in  the  form  of  curves, 
and  incidentally  disj)roved  the  theory 
so  frequently  advanced  by  the  oppo- 
nents of  the  system,  that  the  higher 
surface  brightness  of  the  ceiling  in 
indirect  lighting  rendered  necessary  a 
higher  illumination  on  the  working 
plane.  The  exact  contrary  was,  it 
would  be  noted,  found  to  be  the  case. 

The  next  two  slides  were  of  interest, 
as  showing  the  same  room  lighted  by 
the  "  direct  "  and  "  indirect  "  methods. 
He  would  ask  those  present  to  notice 
particularly  in  the  first  slide  the  very 
hard  shadows  of  the  table  at  the  right- 
hand  side.  In  the  second  slide,  which 
showed  the  room  lighted  indirectly, 
the  shadows,  though  plainly  discer- 
nible, had  entirely  lost  their  objection- 
able character,  although  there  was  no 
suggestion  of  lack  of  form  in  any  of  the 
objects  depicted. 

The  watcs  per  1  foot-candle  per 
square  foot  of  floor  area  were  less  for 
the  indirect  than  for  the  direct  lighting. 
This  did  not,  as  might  be  thought,  con- 
flict with  the  statements  of  the  authors. 
Their  figures  were  for  incandescent 
lamps,  and  included  two  reflections — 
the  initial  reflection  in  the  fittings  and 
the  reflection  from  the  ceiling — ^^vhilst 
his  related  to  inverted  arc  lamps,  with 
tlieir  considerably  greater  candle-power 
per  watt  consumed,  and  with  whicli  the 
loss  pertaining  to  the  first  reflection 
was  eliuTinated,  with  tlic  result  that 
the  total  gain  in  efficiency  was  very 
pronounced. 

The  last  slide  showed  the  interior  of 
a  factory  lighted  indirectly  by  inverted 
arcs. 

In  this  case  the  watts  per  1  candle- 
foot  per  square  foot  of  floor  area  were 
slightly  greater  than  in  the  direct 
lighting  Avliich  had  been  replaced,  but 
tlie  ]wint  of  interest  was  that  the 
piece-work  earnings  of  the  girls  engaged 
had,  for  the  same  period,  been  approxi- 
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mately  11  per  cent  greater  b}^  the 
indirect  than  by  tlie  direct  lighting, 
full  cniplovment  and  the  same  number 
of  girls  being  maintained  in  both  cases. 
The  cost  of  ligliting  Avas  about  4  per 
cent  of  the  cost  of  manufacture,  so 
that  the  advantage  to  the  owners  was 
of  a  very  substantial  and  satisfactory 
character. 

Mr.  V.  H.  Mackinney  congratulated 
the  authors  on  their  paper.  He  would, 
however,  have  liked  to  have  received 
some  more  detailed  information  as  to  the 
nature  of  the  indirect  units  described 
— the  shaping  of  the  reflector,  and 
the  formulae  and  data  utilized  in  their 
design.  The  distribution  of  illumina- 
tion on  the  ceiling  had  an  important 
effect  on  the  nature  of  the  shadows  in 
a  room  lighted  on  the  indirect  system, 
and  very  little  had  been  said  as  to 
what  this  distribution  should  be. 

He  noticed  that  the  authors  had 
quoted  a  number  of  tests  carried  out 
in  the  United  States.  It  A\ould  be 
interesting  to  knoA^'  how  far  these  w^ere 
confirjued  ])y  tests  carried  out  by 
Messrs.  Willcox  and  Wheat  in  this 
countr}'.  The  figure  quoted  in  one 
instance — 0*2  watts  per  lumen — was 
surely  an  exceptional  one  for  an 
indirect  installation.  In  his  experi- 
ence 0"4-05  watts  per  lumen  Avas  more 
usual. 

Very  little  reference  had  been  made 
to  semi-indirect  lighting — ^a  system 
which  many  people  considered  to  com- 
bine the  advantages  of  direct  and  in- 
direct methods.  A  translucent  reflector 
below  the  lamp  was  a  useful  means  of 
avoiding  the  impression  of  ''  flatness  " 
which  some  people  complained  of  in 
indirect  lighting.  Bowls  of  this  kind 
could  be  designed  to  have  a  brightness 
not  widely  different  from  that  of  the 
ceiling  above  them,  whereas  (as  Mr. 
Willcox  had  mentioned)  opaque  bowls 
were  apt  to  appear  dead-black  when 
seen  with  tlie  highly  illuminated  ceiling 
as  a  background.  He  could  confirm 
Mr.  Willcox's  estimate  of  83  per  cent 
for  the  reflector  efficiency  of  his  Eye- 
Rest  units,  but  one  might  naturally 
expect  to  get  a  still  higher  efficiency 
■with  well  -  designed  semi  -  indirect 
lighting. 


Mr.  Mackinney  then  exhibited  the 
neA\'  Holophane  semi-indirect  unit.  He 
explained  that  the  prismatic  glass 
bowl  under  the  lamp  reflected  75  per 
cent  of  the  light  upwards,  and  almost 
all  the  remaining  25  per  cent  was 
transmitted  doAMiwards.  The  loss  of 
light  in  clear  glass  of  this  kind  was 
admittedly  very  small.  The  inside  of 
this  unit  was  quite  smooth  and  could 
be  readily  cleaned.  There  was  a  recess 
above  the  level  of  the  lamp,  enabling 
tinted  glass  to  be  inserted  in  order  to 
produce  a  decorative  effect.  The  fit- 
ting could  be  supplied  in  either  clear 
glass  or  satin-finish. 

As  an  illustration  of  the  lighting 
conditions  obtainable  from  the  unit, 
Mr.  Mackinney  threAV  on  the  screen  a 
diagram  and  pliotograph  showing  its 
use  in  a  room  about  14  ft.  by  12  ft., 
and  the  illumination  obtainable.  (See 
p.  45.)  He  also  displayed  several 
slides  comparing  the  same  room  lighted, 
first,  b}?^  direct,  and  then  by  semi- 
indirect  lighting.  In  the  latter  case  a 
distinct  "  shimmer  "  could  be  seen  on 
the  table,  showing  that  the  illumination, 
although  well  diffused,  was  not  shadow- 
less. 

In  conclusion,  Mr.  Mackinney  re- 
marked that,  although  direct  and  semi- 
indirect  methods  had  undoubtedly  dis- 
tinct advantages  for  many  purposes, 
it  was  a  mistake  to  urge  their  adoption 
in  every  conceivable  case.  There  were 
many  cases  in  which  local  direct  light- 
ing, combined  with  a  moderate  general 
illumination,  was  preferred,  and  right- 
ly so. 

Dr.  H.  R.  B.  Hickman  had  not  had 
much  experience  of  the  indirect  lighting 
system,  but  it  appeared  to  him  that, 
from  an  architectural  point  of  view,  it 
was  excellent,  but  seemed  a  little  un- 
satisfactory for  lighting  offices  and  such 
purposes.  He  had  a  feeling  that  he 
would  like  at  least  one  direct  unit  over 
his  left  shoulder.  For  the  decorations 
of  theatres  the  indirect  method  was 
suitable.  He  would  not,  however,  like 
to  do  any  reading  under  the  indirect 
system,  A\'hich  did  not  throw  proper 
light  on  the  object.  Refemng  to 
motor-cars  fitted  with  glaring  lights,  the 
visibility  of  an  object  depended  on  the 
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difference  between  its  illumination  and  nation  fully  as  intense  as  that  of 
the  illumination  which  was  occupying  the  image  of  the  book  occupying  the 
the  rest  of  the  field  of  the  retina,  and     yellow  spot.     The  illummation  of  the 


Floor  space,  ICS  sq.  ft.  Height,  0  fr. 
Energy  consumption,  55  watt".  Ceiling 
and  Freeze  (cream  colour)  Reflective 
Power  9i  pc-  Walls  (dark  >)rown) 
IleHective  Power,  30  p  c.  Efficiency 
under  the  above  conditions  approxi- 
mately 04  watts  per  lumen. 


Fig  1  -lUuniiuation  Data  for  Room  li.-hted  bv    Ilolophaiin  Seini-lnilirert  Fitting. 
(Mr.  V.  II.  Mackiuney.) 

this  was  true  in  the  case  of  reading  :  room    either   liad   to   be   decreased   in 

it  was  impossible  to  work  witli  com-  iut(Misity,    or   the   illumination   ot   the 

fort  when  the  retinal  field  was   "  en-  book  increased,  and  comfort  in  reading 

gaged,"  so  to  speak,   with  an  illumi-  was  greater,  up  to  a  certaui  pomt,  as 
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both  were  decreased,  that  on  the  book    upward    direction,    tlie    balance  being 
always  being  kept  the  greater.  diffused  light  from  the  reflector  boM'l. 


Mr.  Guy  Campbell  was  the  next 
speaker.  He  would  have  been  glad  if 
more  could  have  been  heard  about  the 
A\orking  cost  of  the  exhibited  indirect 
lighting  system  in  comparison  with 
other  systems.  Mr.  Ritchie  had  sup- 
plied some  information  on  this  point. 

He  recalled  that  some  years  ago  a 
friend  of  his  had  received  a  prismatic 
glass  reflector  of  the  inverted  t^-pe  for 
gas  lighting.  By  an  accidental  cir- 
cumstance this  Avas  put  up  the  wrong 
way  on  an  upright  light,  with  the  result 
that  his  friend  got  one  of  the  first 
knoAvn  semi-indirect  units  for  gas 
lighting. 

With  regard  to  the  architectural 
features.  Architects  had  a  good  deal 
to  do  -with  the  lighting  of  buildings, 
and  the  mention  of  indirect  lighting 
usually  set  them  thinking  of  cornice 
lighting.  The  tendenc}'  was  to  do 
away  with  pendants  of  any  kind.  If 
cornice  lighting  could  be  efficiently 
carried  out,  it  was  often  more  satis- 
factory from  the  architectural  point 
of  view  than  suspended  light  units. 
Excellent  results  could  be  got  from 
cornice  lighting  if  the  contour  of  the 
ceiling  above  the  cornice  was  such  as 
to  lend  adequate  assistance. 

For  ordinary  everj-day  work  he 
considered  semi-indirect  a  safe  middle 
course. 

The  speaker  then  exhibited  on  the 
screen  a  new  semi-direct  unit  made  of 
an  opal  lower  reflector  bo\\'l  and  white 
enamelled  deflector.  The  lower  bowl 
enclosed  the  lamps  in  such  a  way  that 
there  was  no  bright  lights  in  the  line  of 
vision  The  top  deflector  was  made 
of  Avhite  vitreous  enamel  designed  to 
distribute  the  hglit  rays.  If  the  ceiling 
were  dirtj^  the  deflector  could  still  be 
cleaned,  and  good  efficiency  continued. 
The  lamps  in  the  reflector  bowl  Avere 
arranged  by  the  means  of  a  Benjamin 
wireless  cluster  bod}^,  so  tliat  the 
absorption  Avas  particular^  Ioav.  An- 
other slide  shoAved  the  photometric 
curve  of  the  loAver  reflector  boAvl,  the 
efficieucy  of  Avhich  Avas  86  per  cent  ; 
of  this.  72  per  cent  is  reflected  in  the 


Fig.  1. — Semi-Indirect  Reflector  Fitting  of  Opal 
Lower  Reflector  Bowl  and  White  Enamelled 
Deflector. 


Fia.  2.— Section  of  the  same  Fitting. 
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U<^i^ti:rm  VNtr:;:-  ■  /    \\ 


Fig.  3.— Photometric  Distribution  Curve  of 
Lower  Reflector  Bow). 


The  third  slide  shoAved  the  complete 
unit,  the  lamps  being  iuAnsible. 
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Mr.  John  Darch  {communicated). — 
I  wish  to  congratulate  Messrs.  Willcox 
and  Wheat  on  tlieir  most  excellent 
paper  on  '  Indirect  Lighting,'  and  the 
forceful  and  exhaustive  arguments  Avith 
which  they  have  supported  the  principle. 
To  me  it  is  somewhat  gratifying,  for  I 
have,  for  years  past,  pressed  those 
same  arguments  —  arguments  which 
lie  at  the  foundations  of  the  whole 
principles  of  illumination,  and  which 
should  govern  every  system  of  lighting. 
For  the  sole  purpose  and  object  of  lighting 
is  to  7nake  2^1'operly  {i.e.,  perfectly, 
readily,  and  comfortably)  visible  the 
things  required  to  be  seen.  If  we  cannot 
secure  this  by  direct  lighting  then  we 
must  secure  it  by  means  of  indirect 
lighting. 

The  only  valid  argument  against 
indirect  lighting  is  its  alleged  greater 
cost.  To  produce  the  same  amount  of 
photometrically  ascertained  illumina- 
tion on  a  horizontal  working  plane  it  is, 
admittedly,  more  costly  ;  but  photo- 
metric results  are  not  the  true  basis 
of  comparison  —  the  physiological  is 
the  more  important  factor;  and  were 
it  possible  to  measure  the  illumination 
of  the  retina,  it  would  often  be  found 
quite  out  of  proportion  to  that  falling  on 
the  object.  The  greatest  desiderata 
are  diffusion  and  the  removal  of  violent 
contrasts  from  the  field  of  vision. 
A  diffused  light  gives  more  truthful 
results,  affords  greater  visual  acuity, 
and  more  comfort  to  the  eye.  The 
removal  of  violent  contrasts  admits 
of  a  wider  pupil,  avoids  eye-strain, 
and  increases  the  retinal  illumination 
without  increasing  the  illuminating 
power.  On  this  basis,  therefore,  the 
greater  diffusive  character  of  indirect 
lighting,  particularly  when  the  sources 
are  concealed,  will  bring  down  the 
cost  to  that  of  direct  lighting,  and 
make  the  user  a  present  of  its  greater 
charm  and  comfort.  But  even  if  it 
were  dearer,  we  are  usually  ready 
enough  to  pay  for  comforts  in  other 
things,  and  why  not  in  lighting  ? 

It  is  difficult  to  understand  why 
the  opponents  of  indirect  lighting  are 
so  persistent  in  saying  that  it  destroys 
shadow  and  the  sense  of  form.  The 
example  of  indirect  lighting  on  a 
marble  bust  in  the  lobby  of  the  hall 


at  the  time  of  the  discussion  was  a 
convincing  demonstration  of  the  futility 
of  this  objection,  for  there  the  shadows 
were  strongly  marked.  The  reverse  is 
really  the  case,  for  indirect  lighting 
reveals  the  true  form  of  an  object 
far  better  than  direct  lighting,  in  which 
light  and  shadow  appear  unpleasantly 
hard,  clear-cut,  patchy,  and  in  strong 
contrast. 

Objections  were  raised  to  the  emploj^- 
ment  of  indirect  lighting  Avhere  there 
are  projecting  beams  on  a  ceiling. 
If  the  centre  only  of  a  many  panelled 
ceiling  bears  an  illuminant,  the  beams 
will,  of  course,  spoil  the  job  ;  but  if 
each  panel — and  such  panels  are  usually 
large — contains  its  own  lights,  or  if, 
as  I  found  last  week,  the  pendants  could 
be  conveniently  placed  on  the  beams 
themselves,  the  difficult}^  vanishes. 

This  raises  the  question :  Why 
should  lighting,  unlike  everything  else, 
be  ignored  by  the  architect  when 
designing  his  building,  and  left  to 
chance  at  the  end  of  the  job  ?  Lighting 
should  have  its  fair  share  of  precon- 
sideration,  and  the  building  be  made 
to  serve  for  the  lighting  that  the  lighting 
may  the  better  serve  the  building. 

I  was  glad  to  see  the  tendency  of  the 
discussion  turn  in  favour  of  semi- 
indirect  lighting,  for  there  can  be  no 
question  but  that  an  opaque  bowl,  as  a 
dark  contrasting  spot  against  an  illu- 
minated ceiling,  is  unpleasant.  On 
the  other  hand,  nothing  can  be  more 
unpleasant  than  a  bright,  dazzling 
bowl  in  the  field  of  vision.  It  spoils 
the  desired  effect,  and  lowers  the  scheme 
to  the  common  evils  of  direct  lighting. 
The  reflector  should,  therefore,  be  of 
low  translucency,  and  should  corre- 
spond as  nearly  as  possible  in  surface- 
brightness  to  that  of  the  illuminated 
ceiling.  It  should  also  be  a  dish  rather 
than  a  bowl. 

I  must,  however,  take  exception  to 
the  employment  of  indirect  ligliting  in 
hospital  wards.  It  is  excellent  in  every 
other  part  of  a  hospital,  but  in  the 
ward,  while  it  would  be  alright  for  the 
nurse  and  the  doctor,  the  bright  ceihng, 
always  before  and  below  the  eyes  of 
the  patients,  would  be  painful  and 
worrying. 

Again,  '  it    would    appear    that    the 
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authors  of  the  paper  advocate  this 
form  of  lighting  for  ahiiost  every 
purpose.  There  are  many  cases  where 
it  is  distinctly  inadvisable.  It  is  ex- 
cellent for  every  purpose  where  general 
lighting  is  suitable,  and  for  most 
factories,  museums,  picture  galleries, 
drawing-rooms,  lobbies,  halls,  churches, 
&c.,  but,  in  my  opinion,  a  dining- 
room,  for  example,  should  have  direct 
and  screened  table  ligliting,  a  library 
screened  adjustable  desk  lights,  while 
Avatclmiakcrs,  engravers,  dressjnakers, 
and  the  like  need  jiowerful  local  lighting; 
and  so  with  the  illumination  of  any 
object  needing  emphasis ;  but  in  most 
of  these  cases  it  may  be  desirably 
■  combined  A\ith  a  low  general  indirect 
illumination. 

Witli  these  exceptions  I  most  A\'armly 
support  all  that  has  been  said  by 
Messrs.  Willcox  and  \Mieat. 

The  Chairman  observed  that  the 
suliject  of  the  paper  had  been  spoken 
of  as  an  up-to-date  method,  but  he 
remembered  the  opening  chapter  of  the 
history  of  electrical  engineering — ^the 
Paris  Exhibition  of  1881,  where  tliere 
was  a  room  lighted  by  an  arc  light 
in  a  large  bowl  10  ft.  or  12  ft.  in  dia- 
meter, white-washed  inside,  the  height 
from  tlie  ground  being  7  ft.  or  8  ft. 
This  bowl  gave  a  l^eautiful  illumination. 

The  impression  had  always  existed 
that  this  method  of  lighting  was  ex- 
pensive, but  the  results  indicated  by 
the  figures  laid  before  tlie  members 
showed  that  tliere  was  not  the  great 
loss  generally  anticipated.  \Vliat  re- 
mained to  be  done  was  to  appty  the 
method  properly. 

Tlie  author  had  spoken  of  halls  and 
stair  lighting,  and  the  speaker  con- 
fessed that  he  thought  the  example 
of  the  Institution  of  Electrical  Engineers 
was  disaj)pointing  and  depressing,  and 
might  be  improved  by  increasing  the 
illumination. 

He  felt  that  the  indirect  lighting 
system  \\'as  more  important  for  domestic 
work  than  for  office  work.  Many 
people  liked  a  dark  office  and  a  well- 
illuminated  table.  For  domestic  work 
a  well  and  carefully  designed  form  of 
semi-indirect  lighting  was  the  most 
restful.     He    had    on    more    than    one 


occasion  described  how  he  had  used 
this  system  at  home.  He  used,  almost 
entirely,  candle  shields,  which  were 
much  larger  than  usual,  against  a 
A\  liite  wall,  and  if  the  distance  between 
the  light  and  the  shield  were  carefully 
adjusted  the  intrinsic  brightness  was 
the  same  on  the  shield  as  on  the  wall ; 
an  extremely  soft  effect  was  produced, 
and  one  which  was  not  at  all  wasteful. 

Mr.  H.  C.  Wheat,  in  replying  to  the 
discussion,  remarked  that,  as  several 
of  the  speakers  had  referred  to  the 
same  points,  he  would  endeavour  to 
cover  these  at  one  time  in  his  reply. 

Mr.  Bailey  had  indicated  a  preference 
for  the  semi  -  indirect  system.  The 
authors  had  no  wish  to  infer  that  there 
was  not  any  field  for  this  class  of 
illumination.  The  essential  feature  of 
good  semi-indirect  lighting  is  that  the 
density  of  the  bo^\l  should  be  such  as 
to  ensure  that  the  amount  of  trans- 
mitted light  is  kept  within  a  reasonable 
minimum. 

Mr.  Harrison  had  referred  to  the 
question  of  economy,  but  he  (the 
speaker)  contended  the  case  was  not 
nearly  so  bad  as  people  might  be  led 
to  believe  from  Mr.  Hnrrisor.'s  remarks, 
more  especially  as  regards  the  effect  of 
dark  walls.  In  an  American  test  of 
indirect  lighting  with  X-ray  reflectors, 
which  ^^as  made  in  a  room  with  a 
white  ceiling  and  black  walls,  an 
efficiency  of  1-66  lumens  per  watt  was 
obtained.  Re-tested  with  the  black 
covering  removed  from  the  walls, 
which  Avere  then  yellow,  the  efficiency 
was  raised  to  2-43  lumens  per  watt. 
The  discrepancy  between  these  figures 
is  very  much  less  than  that  suggested 
by  Mr.  Harrison's  calculations. 

With  regard  to  the  cpiestion  of  con- 
trast between  the  bright  ceiling  and  the 
under  side  of  the  bowl,  this  was  not  so 
marked  as  people  might  believe — even 
in  a  room  A\ith  a  single  unit  ;  and  in 
the  case  of  larger  interiors,  using 
several  units,  the  effect  was  very 
slight.  Several  speakers  durinec  the 
evening  had  referred  to  the  comfort  of 
reading  in  a  room  by  iiieans  of  a  local 
light,  the  rest  of  the  room  being 
in  comparative  darkness.  Such  a 
matter  Avas,  of  course,  largely  a  ques- 
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tion  of  personal  opinion,  but  it  was 
not  generally  accepted  as  good  practice 
in  illuminating  engineering  work,  sup- 
plementary general  lighting  alwa\s 
being  advocated  ;  at  any  rate,  the 
contrast  in  this  case  was  very  much 
greater  than  between  the  bowl  and 
the  ceiling  in  inverted  lighting.  In 
ordinary  cases  of  direct  lighting  the 
contrast  between  the  darkest  and 
brightest  point  would  be  very  much 
greater.  This  fact  was  borne  out  by 
the  figures  which  were  given  in  the 
paper. 

Mr.  Harrison  hail  laid  particular 
emphasis  on  the  fact  that  the  shadows 
from  inverted  lighting  were  not  suffi- 
cient to  give  a  proper  sense  of  solidity. 
He  cited  as  an  instance  a  slide  that 
had  been  shown  that  evening,  in 
which  a  piece  of  statuary  was  visible. 
The  reason  why  this  statuary  did  not 
show  properly  with  the  slide  in  question 
was  due  to  a  purely  photographic 
reason,  namely,  the  unavoidable  over- 
exposure of  the  light  parts  in  order 
to  secure  adequate  exposure  to  the 
darker  regions.  This  over-exposure 
would,  as  all  photographers  know, 
result  in  flatness.  The  speaker  again 
showed  a  slide  (Fig.  13)  of  the  audi- 
torium of  a  theatre,  in  which  the 
moulded  plaster  decoration  was  clearly 
brought  out  under  the  indirect  lighting. 
Mr.  Harrison  thought  that  possibly 
the  mouldings  were  of  a  different 
colour  to  the  surrounding  surface, 
which  would  account  for  their  coming 
out  so  distinctly  in  the  photograjihs. 
But  the  fact  that  some  of  the  mouldings 
were  tinted  would  not  alone  produce 
the  effect  of  sohdity.  If  the  bowls  of 
the  inverted  fittings  themselves  were 
exatnined  (probably  the  most  severe 
test),  it  would  be  observed  that  the 
tinted  portion  was  clearly  seen  in  the 
photograph,  but  that  the  mouldings  of 
the  other  portions  were  equally  well 
defined. 

Mr.  Baker  had  asked  for  detailed 
information  as  to  the  results  which 
could  be  obtained  from  indirect  light- 
ing ;  he  could  not  readily  enter  into 
these  data  in  tlu^  time  available,  but 
would  be  |)leased  to  ]>la('c  any  desired 
data  which  was  available  at  his  (Mr. 
Baker's)  disposal.     Mr.  Jiaker  had  also 


referred  to  the  difficulty  of  maintaining 
the  ceiling  in  a  good  condition  for 
inverted  lighting.  The  speaker's  ex- 
perience was  that  Avith  electric  light- 
ing there  was  no  difficulty  in  this. 
Moreover,  the  condition  of  the  ceiling 
could  not  by  any  means  be  neglected 
in  the  case  of  direct  lighting  ;  this  was 
illustrated  by  the  data  issued  by  the 
makers  of  reflectors  for  direct  lighting 
purposes,  showing  how  the  colour  of 
the  ceiling  affected  the  result. 

As  regards  the  question  of  inverted 
lighting  in  ferro-concrete  buildings,  the 
ceiling  of  which  was  broken  u]3  into 
panels  by  deep  beams,  there  was  no 
difficulty,  as  a  rule,  o\\ing  to  the  fact 
that  the  panels  were  large  ones,  and 
each  could  have  its  own  unit.  Such 
an  arrangement  was  illustrated  in 
several  of  the  photographs  in  the  paper. 
It  was  admitted  that  a  ceiling  which 
was  very  much  broken  up  by  deep 
beams  Avas  not  suited  to  inverted 
lighting. 

With  regard  to  the  question  of  clean- 
ing, he  had  in  his  own  home  an  inverted 
fitting  whicli  AAas  cleaned  about  once 
in  four  months,  and  that  involved  no 
great  inconvenience.  In  lofty  build- 
ings he  advocated  the  provision  of 
suitable  gear  to  enable  the  fittings  to 
be  lowered  for  cleaning  and  lamp 
renewals.  Such  an  arrangement  A\as 
in  use  in  the  Liverpool  Theatre,  of 
which  photographs  had  been  shown 
during  the  evening,  and  these  per- 
mitted the  fittings  being  brought  down 
to  floor  level,  a  distance  of  about 
50  ft. 

As  regards  the  cost  of  installation, 
inverted  lighting  as  a  rule  re(juired 
fewer  points  than  direct  lighting.  es])eci- 
ally  where  shadows  had  to  be  taken 
into  consid(>ration.  In  a  small  room 
where  four  direct  points  would  be 
required,  a  better  result  would  be 
ol)tained  from  one  inverted  unit. 

He  would  like  to  explain  to  Mr. 
Mordey  that  they  (the  authors)  did 
not  claim  as  a  novelty  indirect  lighting 
per  se  ;  the  novelty  consisted  in  the 
special  (••Eye-Rest")  .system.  Tlu> 
s|)eaker  had  iised  indirect  lighting  with 
incandescent  gas  ten  or  eleven  years 
ago  b}^  inverting  an  ordinary  billiard 
shade  over  an  incandescent  burner,  so 
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as  to  direct  the  liglit  upwards  to  tlie 
ceiling. 

He  was  glad  to  leam  that  Mr. 
Mordey  confirmed  their  claim  that  a 
lower  foot-candle  intensity  could  he 
used  with  indirect  than  with  direct 
lighting  to  obtain  the  same  \isual 
efficiency. 

Mr.  Clarke  had  drawn  attention  to 
the  patcliiness  of  the  ceiling,  as  shoA\n 
in  some  of  the  photograplis.  As  the 
general  aim  was  illumination  of  the 
room,  the  ceiling  A\'as  in  the  majorit}" 
of  cases  left  to  take  care  of  itself, 
but  Avliere  desired  it  was  not  difficult 
to  arrange  for  an  even  distribution  of 
liglit  over  the  ceiling. 

The  speaker  next  showed  a  photo- 
grajDli  (Fig.  11)  as  a  reply  to  the  point 
raised  by  Prof.  Louis  regarding  the 
gloom  in  the  loA\'er  part  of  the  room. 
This  illustration  showed  that  the  walls 
were  evenly  illuminated  right  down  to 
the  floor  level,  every  detail  of  the 
carpet  being  clearly  visible. 


Mr.  Mackinney  directed  attention  to 
the  preference  of  many  j)eople  for  local 
lighting.  While  this  was  true,  it  was 
undoubted^  due  to  the  fact  that,  in 
the  majority  of  cases,  direct  lighting 
did  not  provide  satisfactory  general 
illumination.  The  speaker's  experi- 
ence was  that  people  were  perfectly 
satisfied  with  general  illumination  by 
indirect  lighting.  It  is  rather  question- 
able as  to  whether  the  average  person 
is  a  good  judge  of  what  is  good  for  them 
in  artificial  lighting,  judging  by  the 
way  artificial  illuminants  are  generally 
misused. 

The  Chairman  then  brought  the 
proceedings  to  a  conclusion  by  an- 
nouncing that  the  next  meeting  would 
take  place  on  Tuesday,  January  14th, 
when  papers  on  '  Acetylene  Lighting,' 
by  Mr.  Hoddle,  and  on  '  Petrol  Air 
Gas  Lighting,'  by  Mr.  E.  Scott  Snell 
would  be  read. 


A    COURSE    OF    SIX    LECTURES 

ON 

ILLUMINATING    ENGINEERING 

will  be  given  by  Specialists,  arranged  by 
LEON  G-ASTER  Esq.,  E.litor  of  The  Illuminating  Engineer. 


THE    POLYTECHNIC,    307-311,    Regent    Street,    London,    W. 

ON 

FRIDAY  EVENINGS,  at  7.30  o'clock,  commencing  JANUARY  17th,  1913. 

SUBJECTS   OF   LECTURES. 

I.    Jan.  litb.     Illumination  and  the  Eve.  Dr.  W.  J.  Ettles,  F.R.C.S.B. 
II.    Jan.  il4tb.    The  Measurement  of  Light  and  Illumination,  J.  S.  Dow,  B.Sc,  A.C.G.I. 


Fee  for  the  Course  of  6  Lectures 
Single  Lecture      


6s.  Od. 
2s.  Od. 


Full  parti mlars  may  he  hail  free  on  appUcatiim  to 

ROBERT   MITCHELL,  Director  of  Education. 
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Short  Notes  on 
Illuminating  Engineering. 


NOBEL    PRIZE    AWARDED    FOR 
ILLUMINATING  APPARATUS. 

We  notice  that  this  year  a  Nobel  Prize 
was  awarded  to  Mr.  Gustaf  Dalen  for 
his  inventions  in  connexion  with  auto- 
matic flashhght  apparatus. 

This  apparatus  has  been  described  in 
The  Illuminating  Engineer.  The  "  sun- 
valve  "  used  with  buoys  lighted  by 
acetylene  causes  the  light  to  be  turned 
on  automatically  when  evening  comes, 
and  to  be  extinguished  (except  for  a 
pilot  light)  during  the  daytime.  Other 
automatic  apparatus  serves  to  produce 
flashes  at  regular  intervals,  and  tliereby 
accomplish  a  considerable  saving  of 
gas,  as  well  as  making  the  device  more 
successful  in  attracting  attention. 

These  devices  have  been  very  largely 
used  in  navigation  for  beacons,  buoys > 
&c.,  and  of  late  they  have  also  been 
applied  to  railway  signals. 


HOW   SUNLIGHT    SLAYS 
CONSUMPTION. 

An  enterprising  development  of  the 
crusade  against  consumption  took  place 
on  November  27tli  at  tlxe  Court  Theatre 
(London)  under  the  auspices  of  the 
Women's  National  Health  Association 
of  Ireland  and  tlie  Women's  Imperial 
Health  Association. 


An  attractive  picture-play  was  orga- 
nized, in  which  it  Avas  shown  how  the 
great  white  demon  (consumption)  and 
his  microbes  (ignorance,  squalor,  shut- 
window  &c.),  were  ultimately  overcome 
by  the  sun.  The  great  scene  was  the 
one  in  which  the  sun  finally  slew  the 
demon.  One  more  illustration  of  the 
conviction  that  one  of  the  most  potent 
means  of  fighting  disease  is  sunlight. 
Light  and  hygiene  are  very  closely 
connected. 


A  SHOW-WINDOW  CONTEST. 

Interesting  Scheme  in  the  Tottenham 
Court  Road. 

Shop-window  contests  have  frequently 
been  organized  in  the  United  States, 
and  it  is  interesting  to  note  that  the 
tradesmen  in  the  Tottenham  Court 
Road  are  now  entering  into  friendly 
rivalry  on  somewhat  similar  lines. 
We  understand  that  the  scheme  origi- 
nated from  Mr.  J.  H.  Patterson  of  the 
National  Cash  Register  Co.  A  Com- 
mittee of  local  tradesmen  has  been 
formed,  and  prizes  to  the  value  of  £87 
have  been  offered  for  the  best  Avindow. 
It  is  stated  that  the  windows  will  be 
judged  by  experts  from  well-known 
West-End  stores,  and  in  aA\arding 
prizes  tlie  lighting  will  be  one  of  the 
points  taken  into  consideration.  £50 
has  been  collected  for  general  decora- 
tions in  the  streets. 
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'PUNCH'  ON  ILLUMINATION  AGAIN. 

In  a  recent  issue  Mr.  Punch  draws  an 
amusing  picture  of  the  discomforts  of 
the  bedroom  lighting  in  a  second-rate 
liotel. 

He  imagines  the  guest  adopting  a 
sarcastic  vein,  thus  : — 

"  '  So  you  read  in  bed  ?  '  I  should 
say, 

"  '  Does  your  doctor  not  object  ? 
Ah  !  Avell,  you  don't  mind  if  he  does. 
But  for  other  people's  ej^es  you  have 
more  consideration,  and  that,  of  course > 
is  Avhy  in  my  room  there  is  no  reading- 
lamjj  and  the  light  is  fixed  over  the 
Avindow.     It  is  very  solicitous  of  j^ou.'  ' 

Or  breaking  into  fierce  invective  : — 

"  '  Why  on  earth  can't  you  have  the 
sense  to  realize  that  it  is  as  easy  to  put 
a  bell  close  to  the  bed  as  far  from  it, 
and  that  no  one  can  read  Avith  the  light 
opposite,  dazzling  his  eyes.  Here,  give 
ine  the  bill  and  let  me  find  aciviHzed 
place  !  '  " 

Truly,  bad  lighting  is  no  longer 
suffered  gladly.  An  hotel  that  lights  its 
bedrooms  in  the  way  described  above 
inevitably  drives  aA\'ay  custom. 

ELECTRICALLY  LIGHTED  SPEED 

SIGNAL  FOR  TAXIS  AND 

MOTOR  BUSES. 

The  Home  Office  and  the  Scotland 
Yard  authorities  are  seriously  con- 
sidering a  device  called  the  "  Faro- 
meter  "  for  the  prevention  of  acci- 
dents through  fast  driving.  The  little 
machine  is  decidedly  interesting.  It  is 
fixed  on  a  prominent  part  of  the  car, 
sucli  as  the  radiator,  and  tlie  large 
numerals,  sliowing  the  number  of  miles 
per  hour  at  wliich  the  car  is  traveUing, 
are  easily  seen.  When  the  legal  limit 
is  exceeded,  the  driv^er  is  warned  by  a 
gong  sounding  ;  if  lie  persists  in  travel- 
ling faster,  the  public  are  warned  by 
the  appearance  of  a  danger  flag,  which 
is  electrically  lit  at  night-time. 


THE  IMPORTANCE  OF  GOOD    INDUS 
TRIAL   ILLUMINATION. 

(Comments    by    an    Italian    Paper.) 

A  RECENT  number  of  II  Lavoro 
(Milan)  remarks  that  lighting  is  des- 
tined Avithin  a  fcAv  years  to  be 
one  of  the  most  important  industrial 
questions.  The  enthusiasm  Avith  Avhich 
this  matter  has  been  taken  up  in 
England  is  extending  to  the  whole 
Avorld,  and  the  success  of  the  Society 
in  arousing  interest  in  this  important 
question  in  the  short  space  of  three 
years  is  quite  remarkable. 

As  a  special  instance  of  the  need  for 
good  lighting  II  Lavoro  mentions  j)rint- 
ing  Avork  ;  this  includes  very  delicate 
operations  that  cannot  be  carried 
out  without  the  aid  of  adequate  illu- 
mination. 


CLEAN  WINDOWS,  PLEASE  ! 

Dr.  H.  H.  I.  HiTCHEON,  of  HeyAvood, 
has  been  commenting  on  the  value  of 
clean  AvindoAvs  in  schoolrooms.  A 
correspondent  Avrites  to  inform  us  of 
some  tests  carried  out  by  him  on  the 
AvindoAvs  of  a  Government  office  in 
London.  When  these  Averc  cleaned 
an  improvement  of  30  per  cent  in  the 
desk-illumination  Avas  secured. 

A  common  rule  in  such  offices  is 
tliat  AvindoAVs  should  be  cleaned  quar- 
terly at  regular  intervals.  It  would 
probably  be  better  (if  more  frequent 
cleaning  is  not  permissible)  to  arrange 
for  the  intervals  to  be  four  months  in 
summsr  and  two  months  in  the  dark 
Avinter  months,  Avhen  dust  tends  to 
accumulate  and  daylight  is  naturally 
least  effectiAT'. 

And  it  Avould  also  be  a  good  plan  to 
make  a  practice  of  cleaning  the  lamps 
and  shades  in  the  room  thoroughly  at 
the  same  time. 


SHOtlT  NOTES. 
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Some    Examples    of    Good    and    Bad    Illumination. 
The  Value  of  Good  Shading  in  Desk  and  Table  Lighting. 


Bad  Lighting.  Tlie  reflector  does  not  A  better  arrangement.  The  lamp  is 
completely  cover  the  lamp,  which  shines  completely  screened  by  a  reflector,  which 
into  the  eyes  of  the  workei-.  directs  the  light  on  the  table. 


Here  again  the  lamp  is  not  completely  A  better  arrangement.  The  lamp  is 
screened.  It  causes  glare,  shines  in  the  completely  screenetl  by  translucent  re- 
eyes  of  the  draughtsman,  and  does  not  fleeter,  green  on  the  ontsidi-  and  not 
direct  much  of  the  light  downwards.  trying  to  the  eyes. 
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Review    of    the    Technical    Press. 


ILLUMINATION  AND  PHOTOMETRY. 

One  of  the  most  interesting  articles  in 
this  section  is  that  of  K.  Bunte  (J.f.G., 
Dec.  7),  who  discusses  Measurement  of 
Illumination  in  the  Streets.  He  shows 
that  such  measurements  should  be  made 
in  tlie  horizontal  plane  one  meter  above 
the  groimd,  and  explains  how  the  illu- 
mination can  be  worked  out  beforehand 
once  the  distribution  of  light  from  the 
lamps  to  be  used  is  knowTi. 

G.  Dettmar  {E.T.Z.,  Dec.  5)  gives  an 
account  of  the  formation  of  the  German 
Illuminating  Engineering  Society  ;  this, 
it  will  be  recalled,  was  referred  to  in  our 
last  number. 

H.  E.  Ives  contributes  an  account  of 
some  additional  experiments  on  Colour- 
Photometry  (Phil.  Mag.,  Sejotember). 
These  researches  are  supplementary  to 
some  previously  undertaken.  He  adopts 
the  "critical  frequency  "  method  of  judg- 
ing flicker,  and  finds  that  the  reversal  of 
the  Purkinje  effect  characteristic  of  the 
flicker  photometer  at  low  illuminations 
also  manifests  itself  when  this  method  is 
used.  In  The  Electrician  reference  is 
made  to  the  possibility  of  using  the 
selenium  cell  in  photometry.  A.  H. 
Pfund  has  carried  out  some  researches 
on  this  point,  but  reference  to  his  results 
has  already  been  made  in  this  joiu-nal. 

Tlie  most  interesting  point  brought  out 
l)y  them  is  tlie  apparent  existence  of  an 
effect  at  low  illmninations  analogous  to 
the  Purkinje  piienomenon. 

Sir  ^V^ILLIA.\I  Abney  (Roy.  Soc.  Proc, 
Aug.  13)  describes  some  interesting 
experiments  showing  how  the  appearance 
of  a  small  coloured  object  is  affected  by 
a  bright  white  illuminated  area  adjacent 
to  it. 

Good  Li(jlili)Kj  (The  Illuminating  Engi- 
neer of  New  York)  contains  several  inter- 
esting contributions.  Perhai)s  the  most 
important  of  these  is  that  relating  to  an 
Act  proi)osed  by  the  New  York  State 
Factories  Commission  embodying  Legis- 
lation on  Industrial  Lighting.  There  is 
als(,  ;in  iliusirated  article  dealing  with 
Lighting  Fixtures  from  the  decorative 
standpoint,  it  is  sho\\n  how  the  four 
methods   of   artificial   light   distribution. 


on  which  present  designs  are  based,  are 
derived  from  the  candlestick,  the  candel- 
abra supported  on  columns  or  standards, 
chandeliers  suspended  from  ceilings,  and 
wall  brackets.  The  illustrations  show 
the  changes  in  these  designs  from  ancient 
days  up  to  the  present  time.  Another 
article  deals  with  Railway  Signalling 
and  the  methods  of  lighting  employed 
therewith. 

ELECTRIC    LIGHTING. 

There  is  very  little  to  be  said  regarding 
this  section.  C.  F.  Lorenz  (Elec.  World, 
N.Y.,  Nov.  30)  deals  with  the  Strobo- 
SCOpiC  Effects  produced  by  incandescent 
lamps.  It  requires  a  high  voltage  low 
candle-power  lamp  and  a  frequency  of 
not  more  than  30  to  make  these  effects 
perceptible,  but  they  can  be  accentuated 
by  surrounding'  the  filaments  with  an 
inert  gas  instead  of  a  vacuimi. 

The  same  point  has  recently  been  in- 
vestigated by  L.  Wild  (Jour.  Inst.  Elec. 
Engin.,  July),  using  an  ingenious  photo- 
metric method.  Metal  filament  lamps 
appear  to  give  a  slightly  increased  candle- 
power  on  alternating  ciurent,  and  have 
a  slight  leading  power-factor. 

G.  C.  Keech  (Elec.  Rev.,  N.Y.,  Nov.  23) 
gives  an  account  of  the  Quartz  Tube 
Mercury  Vapour  Lamp.  It  will  be  re- 
called that  this  lamp  has  been  used  for 
the  lighting  of  some  American  streets,  the 
method  being  to  suspend  it  from  brackets 
attached  to  the  walls  of  the  houses. 

GAS,  OIL,  AND  ACETYLENE  LIGHTING 
High-Pressure  Gas  Lighting  comes 
in  for  treatment  at  the  hands  of  W. 
Grafton  (Qas  World,  Dec.  14),  who 
gives  some  accoimt  of  the  newly  installed 
lighting  in  Glasgow.  He  describes 
the  si^ecial  arrangement  made  in  that 
city  to  enable  high-jjressure  gas  lamps 
to  be  hung  centrally,  drawn  to  the  side 
of  the  road,  and  lowered  to  receive  atten- 
tion when  necessary.  Flexible  tubes  were 
originally  used,  but  were  found  to  be 
unsightly,  and  specially  designed  linked 
piping  was  subsequently  introduced.  He 
finds  that  the  lamps  gave  50  to  60  c.-p. 
per  cubic  foot.  Data  are  given  regarding 
the  renewal  of  globes  and  mantles,  and 
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the  cost  per  1.000  c.-j).  hours,  taking 
gas  at  Is.  6d.  j^er  thousand  cubic  feet, 
is  stated  to  be  0'2d. — surely  a  very  low 
figure.  Petsch  {J.f.G.,  Dec.  14)  reviews 
various  devices  used  in  self-intensifying 
gas  lamps.  Oneof  the  most  interesting  and 
recent  of  these  utilizes  the  jiressure  of 
mercury  vapour  in  order  to  promote  an 
intimate  mixture  of  gas  and  air. 

T.  J.  LiTLE  contributes  an  article  on 
the  Evolution  of  the  American  Inverted 
Incandescent  Burner  (Atner.  Gas  Light 
Jour.,  Dec.  2), 

He  discusses  the  mechanical  con- 
struction of  the  burner,  the  use  of  thermo- 
static control,  &c.,  and  shows  different 
types  of  globes  and  reflectors.  Some 
of  the  most  compact  and  effective  forms 


of  lamps  are  those  utilizing  Holophane 
reflectors. 

A  correspondent  in  the  same  journal 
gives  an  account  of  the  Manchester 
Street  Lighting  Tests,  and  draws  some 
conclusion  as  to  the  cost  of  public  light- 
ing by  gas  and  electricity  in  large 
towns. 

The  Oas  World  contains  a  summary  of 
the  adjourned  discussion  on  Colour 
Effects  of  Illimiination,  which  took  place 
at  a  recent  meeting  of  the  London  and 
Southern  District  Junior  Gas  Associa- 
tion. The  chief  point  brought  out  is  the 
need  for  siaecifying  the  colour  of  the 
light,  as  well  as  that  of  the  surface  in- 
vestigated, when  stating  the  reflecting 
power  of  such  surfaces. 
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^M  HIGH    CANDLE-POWER 

■  O  S  R  A  M  i 

DRAWN  WIRE  LAMPS 

are    rapidlj-   displaciu}^    every    other 

)rm  of  artificial  illuminant,  Eeonomy, 

I  fficiency,     Strength,    and    Long    Life 

eing     conspieuoLis     factors    in     their 

>;traordinary  success  in  this  direction. 

OSRAMS  produce  just  the  light 
■quired  to  display  goods  to  the  best 
ivantage— constant,  steady,  white, 
id  bright— and  need  no  attention 
hatsoever  from  first  to  last. 


Write  for  Particulars  and  Prices. 

HE  GENERAL  ELECTRIC  CO.,  LTD. 

Ifc:ul  Office  : 

67,  Queen  Victoria  St..  London.  I.C. 
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Dec.  2). 
Petsch.     Gasstarklicht  (J.f.G.,  Dec.  14). 

Strache,  H.     L'Influence  de  la  Temperature  de  Flamme  sur  I'lntensite  lumineuse  du  Brulcur  a 
Incandescence  par  le  Gaz  (Rev.  des  Eclairages,  Nov.  1). 
High  Pressm-e  Gas  at  Maidstone  (J.G.L.,  Dec.  24). 
Gas  Lighting  and  Electric  Ligliting  for  Public  Streets  in  Large  Towns  (Am.  Gas 

Light  Jour.,  Dec.  2). 
Colom-  Effects  in  Illumination  (Gas  World,  Dec.  21). 

CONTRACTIONS  USED. 

E.  T.  Z.—Elektrotechnische  Zeitschri/t. 

G.W.- Gas  World. 

J.  f.  G. — Journal  fiir  Oasheleuchtung 

J.  G.  L. — Journal  of  Gaslighting. 

Z.  f.  B. — Zeitschri/t  fiir  Beleuchtungswesen. 


Some  Publications  Received. 

Electrical  Photometry  and  Illumination.  By  Hermann  Bohle.  (Charles  Griffin 
&  Co.) 

Competition  Points  for  Gas  Salesmen.  By  Artliur  F.  Bezant.  (Walter  King, 
Office  of  The  Journal  of  Gas  Lighting,  1912.) 

The  Art  of  Seeing.  By  An  Artist.  (Elementary  and  Practical  Hints  as  to  the 
Perception  and  Enjoyment  of  the  Beautiful  in  Nature  and  in  the  Fine  Arts.)  By 
Andrew  Robertson.     (Ejtc  &  Spottiswoode,  1898.) 

How  to  know  Architecture.  By  Frank  E.  Wallis.  (Harper  &  Brothers,  New  York 
and  London,  1910.) 

Electricity  for  Everybody.     Second  and  revised  edition.     (Scholey  &  Co.) 

Kalender  fiir  das  Gas-  und  Wasserfach.  Special  Section  on  Hydraulic  Matters 
by  (t.  Anklam.     (R.  Oldenbourg,  Miinchen  mid  Berlin.) 

Holophane  (U.S.A.):  1913  Suggestions — Illumitmting  Glassware. 

Illumination  at  the  Coal-Face,  with  Special  Reference  to  the  Incidence  of  Miner.?' 
Nj'stagmus.  (A  paper  read  before  the  South  Staffordshire  and  Warwickshire  Insti- 
tute of  Mining  Engineers.)     By  Dr.  T.  Lister  Llewellyn. 

The  Effects  of  Deficiency  of  Oxygen  on  the  Light  of  a  Safety  Lamp.  (A  paper  read 
before  the  South  Staffordshire  and  Warwickshire  Institute  of  Mining  Engineers.)  By 
Dr.  J.  S.  Haldane  and  Dr.  F.  Lister  Llewellyn. 
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[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  appara; us  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


The  Welsbach  Showrooms. 

(Gray's  Inn  Road,  London,  E.C.) 
The    Welsbach    Showrooms    were    re- 
cently   visited    by    a    representative    of 
The  Illuminating  Engineer. 

There  are  a  number  of  novel  lamps 
and  fixtures  to  be  seen.  The  ground 
floor  is  given  over  partly  to  the  smaller 
forms  of  burners  and  shades,  but  the 
room  devoted  to  the  larger  lamps  is, 
perhaps,  the  most  interesting.  The  high 
candle-power  low-pressure  lamjDs  in  jDar- 
ticiilar  deserve  some  reference.  These 
are  made  in  three  sizes,  rated  at  300, 
600,  and  1,000  candle-power  respec- 
tively, and  consimiing  7i,  1.5,  and  25 
cubic  feet  of  gas  per  hour.  The  lamps 
are  stated  to  give  40  candle-power  per 
cubic  foot  of  gas  consumed,  and  it  was 
pointed  out  that  these  values  are  mean 
hemispherical.  There  has  been  some 
discussion  in  this  country  latelj^  as  to 
how  the  light  from  gas  lamps  should  be 
rated.  In  Germany  ^alues  are  given 
usually  in  M.  Hem.  Sph.  Candle-power. 
This  method  has  much  to  recommend  it, 
as  it  takes  into  account  all  the  light 
throA^n  in  a  down\\ard  direction.  Wels- 
bach high-pressure  air-lamps  are  also  to 
be  seen.  The  high-pressure  air-system 
has  not  been  much  used  in  Great  Britain, 
but  there  are  certain  precautions  neces- 
sary (which  have  not  always  been  ob- 
served) to  make  high-jjressure  air-lamps 
a  success.  One  of  them  is  the  need  for 
a  good  gas-governing  arrangement,  such 
as  is  fitted  into  the  Welsbach  lamps. 
The  nature  of  the  governor  may  not  be 
so  very  vital  in  the  case  of  low  pressure  ; 
but  when  a  high-pressure  air-supply  is 
connected,  a  good  method  of  governing 
is  much  more  important,  as  a  slight 
irregularity  in  the  pressure  at  once 
affects  the  working  of  the  lamps. 

There  are  certain  advantages  claimed 
for  high-pressure  air  as  compared  with 
high-pressure  gas  sj^stems.  These  have 
been  the  subject  of  reference  in  this 
journal   on   several   occasions.      One    in- 


stance of  the  convenience  of  high-pressur<3 
air,  not  previously  mentioned,  is  fur- 
nished by  the  mining  districts  in  the 
Midlands.  It  appears  that  in  some  of 
these  places  the  branching  galleries  of 
the  mines  underneath  the  soil  lead  to  a 
tendency  for  the  earth  to  settle,  %\hich 
is  apt  to  cause  trouble  in  the  case  of 
jDipes  laid  midergroimd.  On  the  other 
hand,  there  are  objections  to  running 
high-pressure  mains  above  the  ground. 
These  objections,  however,  do  not  apply 
in  the  same  '\\'ay  to  pipes  conveying 
high-pressure  air. 

Another  novelty  to  be  seen  in  the 
Welsbach  Sho\^Tooms  is  the  semi-indirect 
gas  miit.  Some  of  these  are  made  \\])  in 
a  manner  closely  resembling  forms  of 
electric  fixtures.  The  metliod  is  quite 
familiar  in  Germany  .•  but,  curiously 
enough,  it  has  only  recently  been  intro- 
duced into  this  coimtry.  There  seems 
no  reason  why  it  should  not  be  much 
more  widely  used  with  gas,  seeing  that  it 
is  i^roving  so  pojaular  in  the  case  of 
electricity. 

We  propose  to  deal  with  some  of  these 
novelties  in  a  separate  article  which  will 
probably  apjDear  in  our  next  number.  ^   ^ 


"  Osrams  "  on  the  Jungfrau  Rail- 
way, Switzerland. 

The  highest  railway  station  in  tlu^ 
world  (3,475  metres)  lias  recently  been 
equipped  with  Osram  Drawn-Wire  Lamjis. 

The  authorities  of  the  Jimgfrau  Rail- 
way, in  Eigergletscher,  Switzerland.  lia\e 
also  equipped  several  trains  with  Osram 
Lamps,  as  wvW  as  theii'  station  Eismcer  ; 
they  have  reported  the  Osram  Lamjj  as 
satisfactory  in  e\ery  May. 

The  extreme  vibrations  and  jt)lts 
which  the  Osram  Lamp  is  subjected  to 
in  this  railway  service  can  be  readily 
imagined,  and  the  fact  of  the  lamps 
giving  satisfaction  uiider  these  conditions 
says  much  for  their  strength  and  dura- 
bility. 
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The  British  Westinghouse  Com- 
pany's Supply  Showrooms  in 
Manchester. 

Tho  British  Westinghouse  Company's 
Supply  Department  have  recently  opened 
new  offices  and  showrooms  at  14,  Long 
Millgate,  Manchester.  The  accompany- 
ing illustrations  show  some  of  the  demon- 
stration rooms. 

The  basement  is  of  considerable  extent, 
and  is  utilized  for  storage  purposes  and 
for  packing.  On  the  ground  floor  are 
the  sales  depot  and  despatcliing  dejaart- 
ment.  The  sliop  is  handsomely  finished, 
and  a  stock  of  everything  electrical  in  the 
way  of  supplies  at  hand,  so  that  prompt 
and  immediate  attention  can  be  given  to 
purchasers  who  are  in  need  of  large  or 
small  quantities  of  accessories.  An  ela- 
borate window  chsplay  includes  the  well- 
knowTL  Westinghouse- Auriga  dravATi-wire 
lamps,  Aviriga-Holophane  glassware  in 
various  shapes  and  sizes,  electric  light 
fittings,  stoves  and  heaters,  electric  irons, 
cookers,  and  so  forth. 

The  first  floor  of  the  Westinghouse 
Supply  Department  j-jremises  is  given 
over  to  well-arranged  and  completely 
equipped  showrooms  for  the  convenience 
of  contractors.  The  main  showroom  is 
hung  with  a  great  variety  of  fittings, 
including  Benjanu'n  steel  reflectors,  Au- 
riga-Holophane  globes  and  fixtures  suit- 
able for  large  halls,  hotel  lounges,  drawing- 
rooms,    and    the    like.     The    fittings    are 


spaced  out  in  such  a  manner  that  each 
can  be  lighted  separately,  and  the  indi- 
vidual effect  of  each  may  be  judged 
without  the  view  being  obstructed,  as  is 
so  often  the  case,  by  a  veritable  forest  of 
other  pendants.  Any  fitting  can  be 
taken  from  the  inain  showroom  a.nd  hiuig 
and  lit  at  a  moment's  notice  in  the  model 
drawing-room  and  dining-room  (to  judge 
as  to  the  effect),  which  is  provided 
esjDecially  for  this  jDurpose.  On  the  walls 
are  provided  the  different  types  of  wall 
brackets,  also  capable  of  being  indi- 
vidually lighted.  Two  large  show-cases 
in  the  middle  of  the  room  contain  table 
lamps  of  different  designs,  a  very  hand- 
some selection  of  china  vase  type  table 
lamps  with  hand-painted  silk  shades. 
Round  the  waJls  are  ranged  show-cases 
containing  various  switches,  adapters, 
insulators,  &c.  Radiators  and  stoves 
are  jolaced  on  the  floor,  each  being  con- 
nected up  for  iinmediate  lighting.  On 
the  dining-room  table  are  laid  various 
tyjDes  of  cookers  and  heaters,  including 
the  Westinghouse  electric  toaster  stove. 

The  second  floor  contains  the  Supply 
Department  offices  and  extensive  stock- 
room for  electric  accessories.  The  third 
floor  is  the  lamp  store,  where  large  stocks 
of  all  tyi^es  and  sizes  of  Aiu-iga  drawn- 
wire  lamjas  are  stored.  On  the  fourth 
floor  is  the  glassware  store. 

One  can  quite  understand  that  these 
showrooms  ■will  be  a  great  boon  to  local 
electrical  contractors,  since  every  electrical 
accessory  is  obtainable  there  at  the 
shortest  notice. 


The  New  B.T.H.  Lamp  and  Wiring 
Supplies  Catalogue. 

We  have  received  from  the  British 
Thomson-Houston  Co.  a  copy  of  tlie  first 
bound  Catalogue^  issued  by  the  Lamp 
and  AViring  Supplies  Department  of 
Mazda  House,  77,  Upper  Thames  Street, 
E.G.  The  Comjaany  may  be  congratu- 
lated on  this  400-page  Catalogue,  the 
compilation  of  which,  we  understand,  was 
accomplished  within  three  months. 

The  general  get-up  and  printing  are 
distinctly  good,  and  the  system  of  index- 
ing and  cross-indexing  make  it  possible 
to  find  any  section  quite  easily. 


The  section  of  chief  interest  to  readers 
of  this  Journal  is  naturally  that  dealing 
with  ilhmiination.  This  contains  illus- 
trations and  data  of  the  well-lcnown 
B.T.H.  indirect  and  semi-indirect  fittings  : 
the  Veluria,  Mazdalux,  and  X-ray  re- 
flectors, and  the  neAv  types  of  Mazdalier 
and  Tungstalier  fittings.  This  section 
contains  a  concise  illustrated  article 
dealing  with  illumination  in  general,  and 
conta^ining  some  suggestions  as  to  how 
these  various  types  of  fittings  could  be 
used. 

The  final  section  deals  with  arc  lamps 
(including  the  B.T.H.  Magnetite  lamp), 
radiators,  cooking  apparatus,  small 
motors,  ventilating  fans,  &c. 
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Two  views  of  the  British  Westinj:hou!-e  Comiiany's  Showrooms 
at  Militate.  Manchester. 
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Chinese  Advertisement 
for  Osrams. 

One  result  of  tlae  opening 
up  of  Eastern  countries  has 
been  an  increased  demand 
for  artificial  light,  and  a  brisk 
trade  in  lighting  appliances 
has  already  developed. 

Now  trading  conditions  in 
China  demand  a  style  of 
advertising  different'  from 
our  own.  The  Cliinese  can- 
not be  interested  in  literature 
unless  it  is  prepared  in  their 
own  particular  style.  This 
is  the  experience  of  the 
General  Electric  Co.,  Ltd., 
after  an  experience  in  con- 
nexion with  Osram  Lamps, 
and  circulars  and  pamphlets 
regarding  Osram  Lamps  are 
now  drawn  up  in  character- 
istic Chinese  style.  These 
have  already  been  pro- 
ductive of  excellent  results. 

A  specimen  of  Osram 
Chinese  literature  is  shown. 


i 


m 

tc 


A  New  Microscope  Lamp.  and     is    now    placing    this    particularly 

Prof.  B.  E.  Roberts  of  Cardiff  recently     ^i^^ful  little  lamja  upon  the  market.     Ths 

designed    a   lamp    especially   adapted    to     demand    already    experienced    is    appar- 

microscopic  observations.    ^Realizing   the     ^^^^y    ^    ^'^^Y    ^'^^^    indication    of    the 

need  existing  for  this  type  of  lamp 
fitting.  We  vmderstand  that  it  is  now- 
being  used  in  the  new  Pathological  Insti- 
tute, Cardiff,  with  satisfactory  results. 

The  brass  foot  is  heavily  weighted  and 
covered  with  baize  underneath,  the  up- 
riglit  jDortion  is  brass  tubing  bent  to 
accommodate  the  lamp  itself ;  at  the 
top  is  a  knuckle  joint,  by  which  the 
lamp  can  be  adjusted  to  any  required 
angle.  The  parabolic  shade  is  of  nickel- 
plated  metal.  The  source  of  light  is  an 
Osram  lamj),  frosted  below. 


The  most  recently  issued  list  of  elec- 
trical novelties  issued  by  G.  Braulik 
(Lambeth  Hill,  Queen  Victoria  Street, 
E.C.)  contains  quite  a  striking  variety 
of  handy  little  accessories.  These  in- 
clude electric  pocket  lamps  and  torches. 


\'alue  of  this  lamp  to  institutes,  hospitals, 

and   schools,    the     General    Electric     Co.,    scarf -i^ins,  miniatiu-e  djTiamos  and  motors, 

Ltd.,    has   undertaken  the    manufacture,     telephones,  and  "  Eclipse  "  lamps. 
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EDITORIAL. 


As  announced  elsewhere  in  this  number,  the  Home  vSecretary  has 
appointed  a  Committee  to  "  enquire  and  report  as  to  the  con- 
The  British        ditions   necessary    for   the    adequate    Hgliting 
Denartmental       (I'latural  and  artificial)  of  factories  and   work- 
Committpe    n       ^^^^^ps,  having  regard  to  the  nature  of  the  work 
Industrial  lUu-     ^^^^^^^   ^^'  ^^^  protection  of  the  eyesight  of 
mination  ^^^^  persons  employed,  and  the  various  forms  of 

illumination."  The  formation  of  this  Com- 
mittee was  foreshadowed  in  the  last  Report  of  H.M.  Chief 
Inspector  of  Factories,  and  referred  to  in  The  Illuminating 
Engineer  some  time  ago.  Those  interested  in  the  movement 
will  recognize  that  a  great  and  important  step  has  been  taken. 

The  initiative  in  appointing  a  Committee  to  deal  with  ilhi- 
mination  was  taken  by  France  last  year,  and  we  understand  that 
valuable  data  have  already  been  collected.  The  writer,  in  the 
course  of  his  recent  visit  to  Paris,  had  the  opportunity  of  seeing 
its  Chairman  (M.  Gariel),  from  whom  he  received  assurances  of 
the  desire  of  the  Committee  to  co-operate  with  other  countries. 
The  Hon.  Secretary  (Dr.  Motais)  has  since  been  making  overtures 
for  the  formation  of  similar  Committees  in  other  countries,  and 
we  hope  that  before  long  all  the  chief  nations  of  the  world 
will  be  taking  part  in  this  work. 
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Meantime  we  trust  that  the  efforts  of  the  two  Committees 
already  in  existence  will  be  of  mutual  assistance.  Ultimately  the 
data  collected  in  the  various  countries  might  be  assembled  and 
presented  at  an  international  congress  on  illuminating  engineering. 
This  would  pa\'e  the  way  for  some  general  world-wide  recommenda- 
tions as  regards  standards  of  illumination. 

We  trust  that  when  the  time  is  ripe  the  initiative  of  calling 
an  International  Congress  on  Illumination  will  be  taken  by  this 
country,  which  has  already  made  valuable  investigations  on  factory 
lighting  (Mr.  D.  R.  Wilson's  researches,  embodied  in  the  last 
Report  on  Factory  Lighting,  may  be  singled  out  for  special  men- 
tion), and  is  admirably  fitted  to  act  as  a  connecting  link  between 
the  Continent  and  the  United  States. 

The  meeting  of  the  Illuminating  Engineering  Society  on 
Acetylene  and  January  14th,  at  which  papers  on  the  above 
Petrol  -  Air  Gas  ^^^j^^^^  were  read  by  Mr.  E.  Scott-Snell  and 
Mr.  C.  Hoddle,  was  very  well  attended. 

In  the  two  papers  illumination-data  were  presented  of  a 
kind  not  often  furnished  for  these  illuminants.  In  the  case  of 
gas  and  electric  lighting  there  are  now  simple  rules  by  the  aid  of 
which  one  can  calculate  with  a  fair  certainty  how  much  energy 
IS  required  to  produce  a  given  illumination  on  the  working  plane. 
Mr.  Hoddle  and  Mr.  Scott-Snell  have  made  an  attempt  to  draft 
similar  data  for  use  with  acetylene  and  petrol-air  gas.  The 
illumination  data  were  accompanied  by  photographs  taken  entirely 
by  artificial  light,  in  the  same  way  as  has  been  done  at  other 
meetings  of  the  Society. 

We  confess  we  should  like  to  have  heard  something  more 
regarding  the  use  of  petrol-air  gas  and  the  circumstances  in  which 
it  can  best  be  employed.  There  seems  an  opening  for  the  develop- 
ment of  the  Illuminating  Engineering  side  of  petrol-air  gas  lighting. 
The  time  is  coming  when  the  provision  of  a  certain  definite  illu- 
mination wiU  be  required  for  industrial  purposes,  and  a  variety 
of  burners  and  reflectors,  making  possible  a  wdde  range  of  candle- 
power  and  varying  the  distribution  of  light,  will  then  be  essential. 
At  present  the  range  of  units  available  for  petrol-air  gas  lighting 
seems  limited  in  comparison  with  gas  or  electricity,  and  this  has, 
perhaps,  helped  to  foster  the  impression  that  its  scope  is  somewhat 
restricted. 

In  Mr.  Hoddle's  paper  the  special  uses  of  acetylene  were  dealt 
with  more  fully.  Acetylene  lighting  is  particular!}^  interesting  in 
this  respect,  and  its  special  applications  for  emergency  illumination, 
motor-car  lighting,  navigation,  &c.,  alone  should  provide  food  for 
a  good  discussion. 

Mr.  Darch  raised  the  question  as  to  the  resemblance  of  acety- 
lene to  dayHght.     Claims  to  this  effect  are  often  made,  and  we 
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ourselves  would  like  to  hear  more  detailed,  scientific  evidence  in 
support  of  the  cry  of  "  nearest  to  daylight  "  so  frequently  raised. 
This  claim  likewise  occurs  in  much  of  the  petrol-air  gas  literature, 
and  it  has  also  been  made  on  behalf  of  the  electric  arc  light,  the 
Moore  carbon  dioxide  tube,  and  a  number  of  electric  lamps  using 
special  daylight-screens.  One  would  like  to  see  the  degree  of 
resemblance  of  all  these  illuminants  to  daylight  more  thoroughly 
investigated,  both  in  the  laboratory  and  in  actual  practice  in  the 
hands  of  colour-matching  experts. 

On  pp.  99-105  we  give  a  brief  summary  of  the  papers  on  the 
above  subject  recently  read  by  Mr.  Haydn  T.  Harrison,  Mr. 
Franklin  Thorp,  and  Mr.  G.  E.  Evered  before 
Th  T  'tfht'n^  of  ^^^  Manchester  Association  of  Engineers.  It 
F  tf  IIP  rin^  ^^^  ^  decidedly  enterprising  step  to  invite 
WorkshoDS  exponents  of  gas,  oil,  and  electric  lighting  to 
^  ■  present  papers  on  the  same  evening,  and  we 
understand  that  the  meeting  was  a  most 
successful  one.  Certainly  but  a  few  years  ago  a  friendly  discus- 
sion on  these  lines  (even  if  the  representatives  of  the  various 
systems  could  have  been  induced  to  appear  on  the  same  platform) 
would  have  been  considered  quite  impracticable.  This  appears  to 
us  the  right  method  of  presenting  comparative  data — to  afford 
an  opportunity  for  each  representative  to  present  the  case  for 
his  own  illuminant  without  attacking  others. 

It  will  be  observed  that,  while  the  three  papers  naturall}^  deal 
mainly  with  the  use  of  the  respective  illuminants,  there  is  in  each 
a  substratum  of  common  ground.  All  agree  in  emphasizing  the 
value  of  good  lighting  to  the  manufacturer.  In  order  to  provide 
a  certain  common  basis,  the  authors  were  also  asked  to  suggest 
a  method  of  lighting  a  machine  shop  of  specified  dimensions. 
No  definite  prescription  was  made  as  to  th(^  ihumination  in  foot- 
candles  to  be  provided  on  the  working  plane  or  on  the  bench, 
and  the  absence  might  have  made  comparisons  between  the 
papers  somewhat  difficult.  Fortunately  the  authors  recognized 
the  importance  of  such  an  omission,  and  took  care  to  specify  the 
illumination  provided  as  well  as  the  running  cost  of  the  system. 

We  have  often  argued  that  the  provision  of  a  certain  illumina- 
tion on  the  working  plane  forms  the  best  basis  of  comparing  dif- 
ferent systems  of  lighting.  The  tendency  at  the  present  time 
is  strongly  in  favour  of  this  method,  which  really  goes  to  the  root 
of  the  matter  and  secures  that  the  consumer  shall  get  what  he 
actually  needs — sufficient  light  on  the  spot  where  the  work  is 
actually  carried  out.  The  number  of  illumination-photometers 
recently  introduced  in  this  country  is  evidence  that  this  impres- 
sion is  gaming  ground,  and  illumination  is  a  commodity  that  can 
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now  be  moasurod  with  quite  snffieient  aecnracy  for  commercial 
purposes. 

The  problem  of  impressing  people  not  actually  engaged  in 
some  branch  of  the  lighting  industry  with  the  necessity  for  good 
Demonstrating  illumination  is  one  that  often  confronts  the 
the  Value  of  ^^^^^^^^^  engineer.  Demonstrations  with  a 
Good  Illumina-  ^^^P^^  form  of  illumination  photometer,  suc- 
tion to  Non  ^^^^^  ^^d  comprehensible  figures  as  regards 
Technical  PeoDle  ^^^^'  photographs  of  good  installations  taken 
by  artificial  light — all  these  are  useful.  But 
something  more  is  needed. 

There  is  no  doubt  that  model  installations — actual  examples 
of  good  and  bad  systems — often  make  a  strong  impression.  It 
is  nearly  always  easier  to  appeal  to  the  eye  than  to  the  ear,  and 
a  demonstration  will  often  effect  what  a  lengthy  conversation 
would  not.  Such  model  installations  and,  the  exhibition  of  the  cor- 
rect and  faulty  systems  side  by  side,  should  form  a  feature  at  any 
exhibition  of  lighting  appliances,  and  it  is  surprising  how  little 
has  yet  been  done  in  this  way.  For  lectures  models  on  a  small 
scale  would  often  be  useful.  The  ingenious  method  adopted  in  a 
recent  lecture  in  the  United  States  by  Mr.  Preston  Millar,  who  has 
equipped  small  boxes  with  small  furniture,  miniature  lighting 
units,  and  even  dolls,  to  represent  the  correct  and  faulty  positions 
for  reading,  &c.,  is  worthy  of  study. 

In  appealing  to  the  manufacturer  the  method  suggested  by 
Mr.  Thurston  Kent,  and  recently  referred  to  in  these  columns,* 
of  noting  the  time  taken  by  industrial  operations  before  and  after 
the  improved  lighting  has  been  introduced,  seems  to  have  great 
possibilities,  although  it  is  not  every  consulting  engineer  who 
would  be  granted  facilities  to  make  such  tests.  But  when  all  is 
said  and  done,  actual  instances  of  improved  output  and  saving 
in  labour  achieved  by  good  lighting  are  what  are  really  needed. 
Many  manufacturers  could,  if  they  would,  furnish  valuable 
figures.  The  trouble  is  that,  having  once  made  a  change  and 
proved  its  special  serviceability  for  their  class  of  work,  they  are 
not  unnaturally  somewhat  disinclined  to  pubUsh  the  facts  for 
the  benefit  of  their  competitors. 

It  is  possible  that  many  of  our  readers  are  in  a  position  to 
relate  instances  of  this  kind  that  have  come  under  their  notice. 
We  should  be  very  glad  to  give  pubHcity  to  interesting  information 
of  this  description,  which  might  be  of  considerable  service  to  the 
lighting  industry  at  the  present  moment.  Leon  Gaster. 

*  Ilhivi.  Eng.  Lond.,  Sept.,   1912. 
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TRANSACTIONS 

OF 

€i)t   Slluminatins   ensineeiing    ^ottetp 

(Founded  in   London,    1909.) 

The  Ilhmiinating  Engineering  Society  is  not,  as  a  hotly,  responsible  for    the  ojnnions 
expressed  hy  individual  authors  or  speakers. 

Acetylene  and  Petrol  Air-Gas  Lighting. 

k  MEETING  of  the  Society  A\as  held  at  Subsequently    Mr.    E.    Scott-Snell 

the  house  of  the  Royal  Society  of  Arts  read  a  paper  on  '  Petrol  Air-Gas  Light- 

at  8  P.M.   on  Tuesday,  January   14th,  ^^g,'   and  exhibited  a  plant  in  actual 

^,        ,    .     ,    .        ^  ,         1       Tir       Ti     T  operation.       A     discussion      on      the 

the  chair  being  taken  by  Mr.   R.   J.  ^^^^^^^^  ^^^^^^^^    -^  ^^^l^i^l^  tlie  folloM'ing 

Wallis-Jones.  took  part :    Mr.  Charles  P.  Blatch- 

The    minutes    of    the    last    meeting  ley,  Mr.  W.  J.  A.  Butterfield,  Mr. 

having  been  taken  as  read,  the  names  R.  W.  A.  Brewer,  Mr.  Donnithorne, 

of    apphcants    for    membership    were  Mr.  W.  J.  Liberty,  Mr.  R.  J.  Pinnock, 

announced  in  the  usual  way,  and  the  and  Mr.  F.  S.  Thorn. 

Chairman    then    called    upon    Mr.    C.  In  conclusion,  The  Chairman  moved 

HoDDLE  to  read  his  paper  on  '  Acety-  a  vote  of  thanks  to  the  lecturers  and 

lene  Lighting.'     The  paper  Avas  illus-  to  those  A\ho  had  contrilnited  to  tlie 

trated  by  a  number  of  interesting  slides,  success   of   the   evening   by   exhibiting 

including  photographs  of  natural  colours  apparatus,  and  the  vote  A\'as  carried  by 

and  a  variety  of  flowers.     At  the  con-  acclamation. 

elusion  Mr.  Hoddle  showed  a  series  of  The    next    meeting   of    the    Society 

interesting   exhibits,    including    a    new  was     announced     to     take     place     on 

form  of  oxy-acctylene  lamp  for  cine-  Tuesday,    February     18th,    when     a 

matograph     purposes,     tlie     "  Dalen  ''  paper  dealing  -w  ith  the  Use  of  Globes, 

sun  valve,   a   new  form   of  flash-light  Shades,  and  Reflectors  will    be    read 

signalling  apparatus  for  army  purposes,  by  Messrs.   J.   G.   Clark  and   V.   H. 

&c.  Mackinney. 


ANNUAL  DINNER,  February  lOth,  1913. 


The  Council  have  decided  to  hold  the  Annual  Dinner  during  the  present  year 
on  Monday,  February  10th,  .uid  it  is  ho[)ed  thut  this  will  be  the  means  of  bringing 
together  those  interested  in  the  aims  and  objects  of  the  Society.     The  Chair  will  be 

taken  by  The  President,  Professor  S.  P.  Thompson,  D.Sc,  F.R.S.,  and  it  is 

anticipated  that  a,  number  of  distingui>liu(l  i;uests  will  hv  present.  It  is  earnestly 
hoped  that  members  will  make  a  s[)ecial  etibrt  to  be  present  on  this  occiision,  and 
that  they  will  bring  with  them,  as  guests,  several  fiiends  whose  sympathy  and 
support  would  be  of  viilue  to  the  Society. 

The  Dinner  will  be  held  at  the  Trocadero  Restaurant,  Piccadilly,  London,  W., 
and  the  price  of  tickets  will  be  lOs.  6d.  (exclusive  of  wine). 

Applications  for  tickets  should  be  addressed  to  ilic  Hon.  Secretary, 
Mr.  L.  Gaster,  32,  Victoria   Street,  London,  S.W.,  i>rcler.d)ly  not    latu    than 

Thursday,   February   Gth. 
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New    Members    of    the    Society. 

At  the  meeting  on  January  14th  the  names  of  ajDiihcants  for  membership  read  out  at 
the  previous  meeting  on  December  3rd  were  formahy  annoimced  for  the  second  time, 
and  these  gentlemen  were  declared  Members  of  the  Uhuninating  Engineering  Society.* 
In  addition,  tlie  names  of  tlae  following  gentlemen  have  been  duly  submitted  and 
approved  by  the  Comicil,  and  were  read  out  by  the  Hon.  Secretary  : — 


Ordinary  Members. 

Arnold,  ^V.  F. 

Asdell,  J.  H.,  M.Sc. 

Blatchley,  C.  P. 
B.A.  0x0  i,F.C.S. 

Crush, F. 
Davi^,  S. 


Ehis,  S.  T. 

Freeth,  T.  C. 

Hale,  F.  H. 

Ho\\ling,  ^\'.  H. 
Hiunijlu-ey,  G.  \V. 

Jones,  J.  H. 

Kann,  E.  A. 

Lakin-Smith.  C. 


-Matthews, 

R.  Borlase, 

Wh.Ex..  M.I.E.E. 

A.M.I.C.E. 
Mayes,  F. 
Robertson,  C.  E. 
Ross,  P. 
Shaw,  F. 


Ste\  euson,  J. 


Sutton.  E.  A. 
Trippe.  C  F. 
Watson..  J.  F., 

M.I.C.E.,  M.I.M.E. 


Ltd.,  71,  Queen  Victoria 
Road,    Hand-:- 


The  General  Electric  Co., 

Street,  London,  E.C 
Lightmg    Engineer,    29,    Mostyn 

worth.  Staffs. 
Managmg  Director  of  the  County  Light  Co.,  Ltd., 

13,  Temjjlars  Avenue,  Golders  Green,  London. 

N.W. 
54,  The  Avenue,  Bedford  Park,  London,  W. 
Publisher   and    Advertising  Contractor,  1,  Army 

and  Xaxy  Mansions,  Victoria  Street,  London, 

S.W. 
Electrical  Engineer,  54,  Saltwell  Road,  Gateshead- 

on-Tyne. 
Electrical  Engineer,  38,  Bishops  Mansions,  Fulham 

Road,  London,  S.W. 
Electrical  Engineer,  AVarrenhurst,  London  Road, 

Bromley,  Kent. 
Designer.  12,  Ivings  Road,  ^^'imbledon,  Siurey. 
Electrical  Engineer,  10,  Victoria  Avenue,  Canton. 

Cardiff. 
Designer,  29,  Lome  Road,  Stroud  Green,  Hornsey, 

London,  X. 
The  General  Electric  Co.,  Ltd.,   67,   Queen  Vic- 
toria Street,  London,  E.C. 
Engineer,  Comity  Engineering  and  Lighting   Co., 

Ltd.,  &c.,  10,    Colonnade,  New   Street,   Bir- 
mingham. 
Electrical  Engineer,  ^Midland  Bank  Chambers,  71a, 

Queen  Mctoria  Street,  London,  E.C. 


Hojie  Mlla,  Linton  Road,  Barking,  Essex. 

254,  Albion  Road,  Clissold  Park,  London,  X. 

Electrical  Engineer,  17,  Gresham  Street,  Liverpool. 

.richer tising  Manager  to  the  British  Thomson- 
Houston  Co.,  21,  Merlin  Road,  Manor  Park, 
Essex. 

Secretary  to  the  British  Graetzin  Light,  Ltd. 
(Westminster).  51,  Haslemere  Road,  Thornton 
Heath. 

129,  Cirosvenor  Road,  Highbury,  London,  N. 

Electrical  Engineer,  Avalon,  Pyrford,  Surrey. 

Consulting  Engineer,  Sim  Buildings,  Park  Road, 
Leeds. 


fJorrcspondiufj  Member. 

MacMiu-trie.  F.  C. 


General  Editor  for  the  American  Association  for 
the  Conservation  of  Vision.  1,  Madison 
Avenue  (Metropolitan  Bridge),  New  York. 

lUam.  Eiiij.,  Jan.,  l'J13,  p.  18. 
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Acetylene    Lighting. 

By  C.  Hoddle. 

(Paper  presented  at  a  meeting  of  the  Illuminating  Bnj;ineeriDg  Society,  beld  at  the  House  uf  the  Koyal 
Society  of  Arts,  John  Street,  Adelphi,  London,  on  Tuesday,  Jan.  14th). 

[Abstract.— The.,  author  gives  a  brief  account  of  the  generation  of  acetylene,  the  burners 
conmionly  used,  and  the  cost  of  lighting  an  average  country  house.  Some  photographs  of  a  drawing- 
room  lighted  by  acetylene,  and  the  exterior  of  a  house  illuminated  by  acetylene  tlares  are  also 
reproduced.  Subseciuently  he  refers  to  the  use  of  dissolved  acetylene,  and  to  the  use  of  the  gas 
for  country  stations,  illuminating  constructional  work  by  night,  for  buoys  and  beacons,  ka.  1  nmlly 
he  gives  the  results  of  some  tests  on  a  new  projector-lamp,  using  an  oxy-acetylene  tiame  impinging 
on  a  disc  of  ceria.] 

Early  in  November,  1895,  the  author  factured  from  hme  and  carbon  fused 

Avas  reading   the  morning   paper,   and  together  in  an  electrical  furnace.     Al- 

noticed  an  article  headed  '  A  Jug  Full  though    familiar    with    this    for     some 

of  Gas,  Please.'     This  proved  to  be  a  seventeen  years,  it  was  not  until  last 

short   comment   upon   a   paper   which  June  that  the    author    got  an  oppor- 

liad  been  read  by  Prof.  Vivian  Lewes  tunity  of  seeing  carbide  in  the  making 

on  '  Acetylene,'  in  M'hich  lie  had  men-  during    a   recent  tour  in    the    States, 

tioned  the  fact  that  acetylene  gas  could  where    he    went     over     one     of     the 

be   compressed   to   a   liquid   at  700  lb.  largest     works     in     America.      It     is 

pressure  per  square  incii.     The  paper  most  remarkable  how  tAvo  substances 

(not  Prof.  LcAves)  went  on  to  picture  like  carbon  and  lime,  Avhicli  have  no 

a  little  girl  going  to  the  nearest  cliand-  affinity    for    each    other    in    ordinary 

lery  shop  for  a  "'  Jug  o'   gas,"  which  circumstances,  nevertheless  combine  to- 

Avas  to  be  put  into  a  receptacle  con-  gether  at  the  high  temperature  of  the 

nected  to  the  ordinary  gas  main  and  electric  furnace.     In  order  to  generate 

used  for  lighting  the  house.  acetylene,    all   tliat   is   necessary   is   to 

This,     of    course,     Avas    rather    far-  bring    calcium    carbide    and    Asater    in 

fetched,  but  it  liad  the  effect  of  inducing  contact    Avitli    each    other,    Avhen    the 

theauthor  to  obtain  and  read  the  original  folloAving  reaction  occurs  : — 

paper,inwhicliheheard  of  the  wonders  C«C,-fH,0  =  C«0  +C.,H. 

or  acetylene  :     A  beautiful,  pure  Avhite  -  i      -                            -    - 

light   the    size    of    a   sixpence,   giving  ealcium         Avater  =  lime       acetylene. 

25  c.-p.,  and  consuming  only   }_,  cubic  carbide 


foot  of  gas  per  hour."  Little  Avonder 
that  in  1895  this  Avas  regarded  some- 
Avliat  as  a  fairy  tale.  HoA\'ever,  the 
Avriter  determined  to  leain  more.  Hoav 
lie  first   obtained  a  few  pounds  of  cal 


In  the  generator  used  to  produce 
acetylene  eitlier  one  of  two  methods 
may  be  foUoAved.  Calcium  carbide 
may  be  placed  in  A\ater,  or  Avater 
poured    on    to    calcium    carbide.     One 


ciuiii  carbide  (after scouring  London),  at  may  avcU  be  surprised  at  the  miinlier  of 

26'.  iSd.  per  pounds  and  my  first  experi-  dilferent  A\ays  of  performing  this  simple 

ments  at  generator  making,  is  too  long  operation    that     have     been    i)atcntcd 

a  storv  to  be  entered  into  noAA'.   and  during  the  last  ten  >'ears. 


Avould  hardly  prove  interesting  either, 
because  the  early  history  of  acetylene 
is  so  Avell  known.  Let  us,  therefore, 
proceed  to  more  recent  developments 
and  present-day  uses. 

The  Production  of  Aceli/lenc. 


During  189G  and  1897  tlic  author 
invented  and  patented  three  different 
kinds  of  generators :  one,  carbide  to  water, 
])rimarily  intended  for  optical  lantern 
use  ;  and  one,  Avater  to  carbide,  in- 
tended for  house  ligliting  and  similar 
installations  ;     and    one    on    tiie    Avater 


As  you  are  aware,  the  first  requisite  displacement  principle,  intended  for 
in  connexion  Avith  the  making  of  acety-  bicycle.  hand-Jami),  and  other  jiorlable 
lene  is  calcium  carbide,  Avhicli  is  iiianu-     uses.      Phutogiai)lia    and    drawings    of 
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these  early  generators,  are  noM'  in  the 
South  Kensington  Museum,  and  can  be 
seen  in  the  Educational  Department. 

Acetylene,  as  it  first  leaves  the 
generator,  is  not  suitable  for  house 
lighting  purposes,  as  it  contains  a  small 
percentage  of  phosphoretted  and  sul- 
phuretted hydrogen.  In  generators 
that  wash  the  gas  the  sulphur  is  suffi- 
ciently removed  by  the  A\-ater ;  but 
a  separate  purifying  apparatus  is  neces- 
sary to  remove  the  phosphorus,  other- 
Avise  it  Avill  pass  through  the  flame  and 
cause  a  smoky  haze  in  the  room. 
Such  impurities  cause  an  objectionable 
smell,  and,  according  to  some  authori- 
ties, also  lead  to  choking  up  of  the 
burner.  The  author  can  lay  claim  to 
having  been  almost  the  first  to  discover 
this;  inanycase,  at  the  Acetylene  Exhibi- 
tion held  at  the  Imperiar  Institute  in 
1898  his  Company  Avas  the  onl}'  finn 
to  show  and  use  a  purifier;  he  well 
remembers  the  sarcastic  remarks  of 
competitors  regarding  it. 

A  typical  modern  Acetylene  generator 
is  slioAvn  in  Fig.  L 

One  point  in  connexion  with  the 
storage  of  carbide  maj-  be  noted. 
Large  quantities  are  invariably  stored 
in  sealed  tins,  as  the  effect  of  moist 
air  in  contact  Avith  carbide  A\ould 
naturally  be  to  cause  a  sIoav  liberation 
of  acetylene  and  gradual  deteriora- 
tion of  the  material. 

Recently  the  plan  has  been  adopted 
of     compressing     carbide     into     "  bri- 


some  extent  in  connexion  A\ith  motor- 
car headUghts  and  table  lamps,  as  it 
has  the  quality  of  prcA'cnting  "  after- 


h'li}.  2.— Bniy  Elta  Twin  Burner  (has  live 
jets  iuipinging  on  one  another). 

quettes,"'  Avhich  arc  coated  with  some 
material  rendering  tlicm  inactiA'e  to  air. 
This  .special  carbide  has  been  used  to 


AIR   PASSAGE 


Fig.  o. — Ivoui  Burner  (with  slot). 


gassing "  {i.e.,  the  gradual  liberation 
of  acetylene  after  the  tap  has  been 
turned  off).  But  its  cost  is,  roughly, 
four  times  that  of  ordinary  carbide, 
and  its  use  is  therefore  restricted  to 
special  purposes,  such  as  those  named 
aboA'e. 

Acetylene  Burners. 

A  very  important  accessory  in  con- 
nexion Avith  the  successful  use  of  acet}- 
lene  for  lighting  purposes  is  the  burner. 
In  the  early  days  there  Avere  no  suit- 
able ones  to  be  obtained.  Brav's 
0000  or  00000  (very  small  coal-gas 
burners)  Avere  all  that  could  be  ob- 
tained, and  house  lighting  Avas  almost 
impossible  until  the  advent  of  the 
Xai^hey  burner  in  1897,  since  Avhen  the 
ciop  of  different  patterns  has  been 
almost,  if  not  quite,  as  numerous  as 
has  been  the  case  with  generators  ; 
but  to-day  there  are  many  good  ones 
on  the  market.  Tavo  tA-jiical  A^arieties 
are  the  Bray  Elta  and  Ota,  used  mainly 
for  house  lighting  ;  and  the  Roni, 
mainly  for  motor  and  portable  lamps. 

The  Elta  utilizes  tA\o  burners  AAitli 
flames  impinging  on  one  another,  each 
Ijurner  having  tAvo  very  fine  holes. 
Tlic  cross-jet  principje  is  verj'  Avidely 
used  in  modern  acetylene  burners  as 
it  leads  to  a  distinct  gain  in  efficiency  ; 
moreover,  if  one  of  the  burners  be- 
comes slightly  choked  up,  the  other 
A\ill  continue  to  give  its  full  value. 
On  the  other  hand,  if  one  burner  is 
partly  stopped  up,  the  other  flame 
may  tend  to  shoot  out  somcAvhat. 
Consequently,  this  type  of  burner  is 
not  much  used  for  motor-car  head- 
liglits,  &c.,  having  lenses  and  mirrors 
quite    near    to     the     flame,    and    the 
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Fig.  1.— Typical  Acetylene  Generator. 


The  sectional  illtistration  of  B  paltcrn  generator  shows  the  simplicity  of  the 
**  Tncanto  "  system. 

The  action  of  generating  acetylene  is  as  follows.  The  carbide  containers  are 
about  two-thirds  filled  witli  carbide,  the  front  plates  made  tight,  and  the  outer  tank 
filled  with  water.  The  front  taps  are  then  turned  on  ;  gas  [is  now  generated  and 
passes  into  the  gas  bell,  raising  it  until  the  ball  valve  closes,  and  generation  stops 
autonQatically  until  some  gas  is  used.  When  the  bell  sinks  the  same  operation  is 
repeated. 
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Roni  type  is  here  preferred.  This 
consists  of  a  single  burner  having  a 
slot  instead  of  pin-holes.  There  is  no 
danger  of  this  comparatively  large 
aperture  becoming  stopped  up,  and 
no  risk  of  cracking  adjacent  glass 
surfaces. 

Acetylene  burners  should,  with  proper 
treatment,  last  a  very  long  time.  The 
author  recalls  a  house  in  which  many  of 
them  have  been  used  for  seven  years, 
and  are  still  doing  good  service.  The 
range  of  consumption  ordinarily  em- 
ployed varies  from  -  to  1  cubic  foot, 


favour  the  use  of  incandescent  mantles 
with  acetylene ;  he  has  tried  almost 
every  make,  but  up  to  now  has  not 
found  a  really  reliable  one.  Like  the 
ordinary  burner,  the  gas  orifice  is  so 
small  that,  sooner  or  later,  a  bit  of 
grit  or  dust  will  partially  choke  it, 
and  the  correct  Bunsen  flame  is  upset, 
the  mantle  becomes  a  black  mass,  and 
then — ^\\ell,  the  less  said  the  better. 
But,  really,  Why  do  we  require  mantles 
at  all  ?  We  have  already  a  splendid 
pure  white  light,  which  we  consider 
to  resemble  daylight  very  closely,  and 


[Plioto.  taken  enlii-dij  hi/  artificial  liyitt.) 
Fig.  4.  — Drawing-room  lighted  by  Acetylene.    The  central  chandelier  lights,  and  the  imita- 
tion candles  round  the  side  of  the  room,  consume  together  about  3  cubic  feet  per  hour. 
The  illumination  is  about  1  foot-candle. 


the  corresponding  candle-power  being 
about  10-50.  The  pressure  recom- 
mended is  usually  about  4  in.  (water), 
and  in  all  good  acetylene  appliances 
measures  are  taken  to  secure  that  tliis 
is  practically  constant. 

As  showing  the  present  extent  of  the 
industry,  it  may  here  be  mentioned  that 
Messrs.  Bray  &  Co.,  of  Leeds,  alone 
employ  upwards  of  500  hands  making 
acetylene  burners  only,  and  use  some 
50  tons  of  carbide  in  testing  them. 

Personally,    the    author     does    not 


we  can  obtain  about  40  c.-p.  for  a 
consumption  of  1  cubic  foot  of  gas 
per  hour  which  means  (at  the  present 
price  of  calcium  carbide,  13.9.  Qd.  per 
cwt.),  approximately  Id.  per  1.000 
candle-hours.  The  light  is  quite  con- 
stant, and  can  be  used,  if  necessar}^ 
in  burners  giving  only  10  c.-p.  In  an 
ordinary  house-lighting-installation  we 
use  burners  ranging  from  g  cubic  foot 
to  1  cubic  foot,  according  to  position  ; 
but  the  burner  most  generall}'  in  use, 
and   most   certainly   the   favourite,    is 
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that  taking  ^  cubic  foot  per  hour. 
This  is  generally  considered  the  stan- 
dard. 

We  can  also  turn  the  lights  up  or 
down,  and  regulate  the  illumination 
much  more  perfectly  than  is  possible 
when  mantles  are  used.  We  can  readily 
utilize  switches  for  controlling  the 
lights    from    a    distance.     The    device 


Illumination  Data. 

A  few  weeks  ago  some  j)hotographs 
were  taken  at  the  author's  house 
entirely  by  acetylene  light  (see  figs. 
4  and  5).  The  outdoor  ones  and  the 
snapshots,,  are  somewhat  under-exposed, 
but  the  one  of  the  drawing-room 
shows  excellent  detail.  This  room  is 
fitted    with     rather     an     extravagant 


Fig.  .").— Ilhistrutins  tlie  n.^f  of  iuet\  Iciu'  Hiires  for  siicctncnlnr  cUcci.  i  iii>  lioii.'c 
was  illiiniinated  nt  night  (iino  liy  three  such  liMrcs,  each  ])lace(l  at  a  distance 
of  about  40  feet.     The  photograph  was  taken  entirely  by  the  acetylene  light. 


eni])l()ycd  is  a  i>rcss  ])utton  stop-cock, 
which  turns  oil"  all  but  a  gliuuner  of 
light,  which  is  kept  burning  continu- 
ously. This  enables  a  person  entering 
a  room  to  turn  on  the  full  light  at 
once,  whilst  the  pilot  lights  arc  enough  to 
make  the  position  of  the  switch  ami 
surroundings  just  visible. 


amount  of  light,  viz.,  140  e.-p.,  equiva- 
lent to  .'}  cubic  feet  per  hour  con- 
siun})tion.  We  seldom  use  more  thaii 
half  this,  but  for  the  photograph 
we  used  the  ^\  hole.  On  the  settee  in 
the  centre  and  on  the  walls  the  illu- 
mination was  measured  and  found 
to  be  just  about  1    foot-candlc.      The 
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size  of  the  room  was  2-4  ft.  Xl8  ft.  ; 
therefore,  we  get  the  simple  rule  that 
approximateh'  50  candle-power  (I  cubic 
foot  consumption)  per  150  square 
feet  floor-space  is  required  ;  but,  as 
stated,  half  this  is  sufficient  for  ordi- 
nary use,  so  that  in  estimating  the 
amount  of  light  required  for  a  room  of 


Fig.  6.— Acetylene  Hare  light  and  generator, 
as  used  for  the  illutnination  of  the  house 
shown  in  Fig.  5. 


a  certain  size,  30  c.-p.  for  100  square 
feet  floor-space,  costing  about  Id.  per 
hour,  would  usualh*  be  quite  sufficient. 

Country  House  Lighting. 

At  this  point  it  may  be  of  interest 
to  give  some  details  as  to  the  cost  of 
lighting  an  average  countr}-  house  by 
acetylene,  assuming  that  such  a  house 
requires  fifty  lights,  giving  a  total 
candle-power  of  about  1.000  with  two- 
thirds  of  the  lights  on  (as  is  usually  the 
case)  ;  in  these  circumstances  the  run- 
ning cost  would  amount  to  about  Id. 
per  hour.  If  the  majority  of  the  lights 
are  used  on  an  average  three  hours  per 
night,  the  cf)st  of  carbide  per  vear  would 
be  about  £30.  The  total  cost  of 
installation,  including  general  average 
fittings,  piping,  and  everything,  should 
not  be  more  than  £100.  The  generator 
installed  in  a  moderately  big  house  of 
tliis  kind  would  probably  be  of  the 
twin  type,  which  enables  one  section  of 
the  generator  to  be  used  Avhile  the 
other  is  being  re-charged.     The  charge 


in  the  two  generators  would  keep  the 
lights  going  for  eight  hours  (assuming, 
as  before,  that  only  two-thirds  of  the 
lights  are  going  at  once). 

A  word  or  two  may  also  be  said 
about  the  lighting  effects  shown  in 
the  outdoor  photograph  (Fig.  5).  The 
illumination  was  produced  by  three 
portable  flare  lamps  (see  Fig.  6) 
plajnng  upon  the  house  from  a 
distance  of  about  40  ft.  Lamps  of 
this  kind,  when  fully  charged,  will  bum 
for  six  hours,  consuming  12  lbs.  of 
carbide  in  doing  so.  They  are  esti- 
mated to  give  a  light  of  approxi- 
mately 1,000  c.-p.,  and  some  measure- 
ments made  on  the  night  in  question 
showed  that  this  estimate  was  not  far 
out.  Lamps  of  this  kind  have  very 
frequently  been  used  for  garden  parties, 
fetes,  &c.  {e.g.,  to  enable  bowLs  to  be 
played  by  night).  As  a  rough  rule 
one  would  require  four  flares  of  this 
type,  to  illuminate  every  1,000  square 
feet. 

Resemblance  of  Acetylene  to  Daylight. 

There  are  qualities  in  acetylene 
lighting  Avhich  make  it  specially  ser- 
viceable for  certain  purposes.  I  may 
refer,  firstly,  to  its  f)ure  white  colour, 
Avhich,  it  has  been  shown,  approaches 
very  closel}'  to  that  of  daylight. 

vSome  tests  of  colour  discrimination 
by  artificial  light  were  described 
before  this  Society  early  in  last 
year,  but  acetylene  was  not  in- 
cluded among  the  illuminants  studied. 
On  that  occasion  a  picture  was  sIiomti 
painted  partly  b}'  daylight  and  partly 
by  the  light  of  an  arc  lamp.  The  author 
has  in  his  possession  several  oil  paintings 
executed  entirely  by  acetylene  light, 
and  others  done  partly  by  acetylene 
and  partly  by  dajiight,  and  has 
often  had  an  opportunity  of  hearing 
the  views  of  artists  as  to  the  resem- 
blance of  acetylene  light  to  daylight. 
There  is  no  doubt  that  this  resem- 
blance is  very  close,  and  he  recalls 
a  picture  gallery  in  which  acetylene 
lighting  was  successfully  used. 

Acetylene  is  a  very  convenient  illu- 
minant  for  lighting  greenhouses  and 
conservatories  Avhere  several  shades  of 
colours  of  flowers  have  to  be  revealed. 
The   author  has    a    large  collection  of 
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lantern  slides  of  flower-photographs 
taken  entirely  by  acetylene  light. 
(A  number  of  these  were  exhibited  at 
the   meeting.)     Acetylene   is    perfectly 


Fig.  7.— Snap-shot  of  the  author  and  friend, 
taken  by  the  light  of  an  acetylene  flare. 

clean,  and  does  not  discolour  Malls 
and  ceilinss  ;  even  delicate  decorations 
are  not  affected  by  it. 

Safety. 

As  regards  safety,  it  may  be  said  that 
no    artificial  illuminant  could  well  be 
safer  ;    an  explosion  cannot  take  ])]ace 
M'ith   less   than   3   per   cent   acetylene, 
which  would  mean  that  in  a  small  room 
of,  say,   lOft.xlOft.xlOft.,  or  1,000 
cubic  feet  air-space,   30  cubic  feet  of 
acetylene  would  be  required  to  get  an 
explosion.     In  other  Avords, 
a  1-ft.  burner  (which   Avould 
be  ample   to    light    such    a 
room)    would    have    to     be 
left  full  on  for  thirty  hours 
to  get  an  explosive  mixture, 
even  if  the  room  was  sealed 
airtight  ;    in   the    meantime 
the     smell     would      become 
unbearable.      Of     course, 
accidents  have  occurred,  but 
one  would  probably  be  cor- 
rect in   saying   that    nearly 
every  one   has  been  caused 
by     amateur-made      plants 
and  compopipc  installations. 
(In  this  connexion  the  author 
showed    a    unique     lantern- 
slide    of    a    large   generator 
which    had     been     on    fire. 
Although  the   house  it   was 
installxl  to  Ught,  and  the  she  I  coiilain- 
ingthe  plant  were  burnt  down  (through 
no  fault  of  acetylene),  no  explosion  took 
place,  and  after  the  fire  it  was  found 


that  the  generator  would  work  and 
make  gas,  although  parts  of  it  were 
entirely  burnt  away.) 

Intrinsic  Brilliancy . 

Safety  in  illuminant  is  certainly  an 
important  matter.  But  there  is  another 
point  that  should  appeal  strongly  to 
members  of  the  Illuminating  Engi- 
neering Society,  and  that  is  the  effect 
of  light  on  eyesight.  A  great  deal  has 
been  written  on  this  subject  recently, 
and  no  doubt  many  of  the  claims  made 
for  various  illuminants  need  fuller 
investigation. 

But  it  will  be  admitted  that 
acetylene  is  in  a  fortunate  position  in 
this  respect.  The  tendency  for  some 
years  has  been  to  make  lights  more  and 
more  brilliant  and  glaring,  and,  there- 
fore, methods  of  shading  are  in  many 
cases  absolutely  essential.  But  the 
acetylene  flame  has  only  a  mild 
luminosity,  so  that  it  can  be  gazed 
at  without  the  eye  being  conscious 
of  any  discomfort.  This  is  one  reason 
why  the  light  has  proved  to  be  very 
serviceable  for  fine  work,  embroidery, 
&c.,  and  its  whiteness  is  also  an  advan- 
tage Avhen  delicate  shades  of  colour 
have  to  be  distinguished. 


Fig.  8.— 


Typical  dissolved  acetylene  outfit  (suilable  for 
motor-cars,  &c.). 


Dissolrcd  Acetylene. 

Something  may  next  be  said  on  the 
subject  of  dissolved  acetylene. 

Dissolved  acet\lene  has  been  rendered 
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possible  mainly  bj'  the  use  of  the  liquid 
acetone  which,  at  a  pressure  of  10 
atmospheres,  and  at  a  temperature  of 
15  degs.,  can  absorb  as  much  as  240 
times  its  own  volume.  Xow.  Avhen  this 
pressure  is  released  by  opening  a  vessel 
saturated  Avith  acetylene  in  this  way, 
the  gas  is  evolved,  because  the  liquid 
cannot  absorb  nearly  so  much  at  ordi- 
nary atmospheric  pressure. 

It  may  be  of  interest  to  mention 
that  a  new  process  of  dissolving  acety- 
lene has  recently  been  announced, 
although  very  little  is  knoA^Ti  of  its 
practical  utilit}'  as   yet.     The   sj^stem 


the  fact  that  tubes  containing  dis- 
solved acetylene  can  be  so  readily 
carried  about  from  place  to  place,  and 
turned  on  at  anj'  time.  Hence  they 
have  been  used  for  lantern  work,  for 
lighting  motor-cars,  and,  to  some 
extent,  for  train  lighting,  &c.,  as  well 
as  their  primary  use  in  comiexion  with 
Avelding.  Trains  in  the  United  States 
have  been  run  for  very  long  distances 
with  acetylene  lighting,  charged  tubes 
being  stocked  at  various  stations  on 
the  Avay,  so  as  to  be  replaced  for  those 
exhausted  while  they  are  being 
refilled.      The      same      principle      has 


Fig.  9.— Brockenhurst  Railway  Station.    The  lighting,  including  platform  lamps  and  signals, 
is  acetylene  throughout,  2UL)  burners  with  a  total  candle-power  of  9,00J  being  installed. 


involves  the  use  of  charcoal  made  by 
tlie  combustion  of  blood,  and  it  is  said 
that  this  new  material  A\'ill  absorb  as 
much  as  KX)  times  its  own  voluiue  of 
acetylene  at  a  pressure  of  1  atmo- 
sphere only. 

Dissolved  acetylene  outfits  are  put 
together  in  a  very  convenient  and  port- 
able form.  Tlie  smallest  size  of  cylinder 
in  general  use  Avill  store  about  6  cubic 
feet  of  acetylene,  the  cylinder  being 
about  1  ft.  long  and  4  in.  in  diameter. 
Larger  cylinders  with  a  capacity  up 
to  100  cubic  feet  are  available. 

Tlic  advantages  of  dissolved  acety- 
lene lighting  are  its  convenience,  and 


been  used  in  connexion  Avith  motor- 
cars and  motor-'buses.  In  France  dis- 
solved acetylene  has  occasionally  been 
used  in  emergencies  for  special  festival 
lighting  in  churches,  the  cylinders 
being  connected  to  extra  piping  round 
the  altars,  &c.,  Avhich  can  be  readily 
removed  Avhen  the  ceremony  is 
over. 

Xaturalh'  dissoh-ed  acetylene  is 
more  expensiA^e  than  gas  produced 
from  a  generator  in  the  ordinary 
AvaA^  costing,  in  fact,  about  five  times 
as  much  to  tlie  ordinary  consumer,  and 
this  restricts  its  use  for  general  pur- 
po.ses. 


ACETYLENE   LIGHTING. 


75 


Advantages  of  a  self  contained  and 
Portable  System  of  LigJiting. 

Another  great  advantage  of  acety- 
lene is  its  self-contained  and  portable 
nature.     This    advantage    comes    ont 


Fig.  10. — Outdoor  acetylene  lamp,  consum- 
ing 1  cub.  ft.  of  gas  per  hour,  similar  to 
those  used  at  Bruckenhurst  station, 
(See  Fig.  9.) 


This  quality'  of  acetylene  is  of  even 
greater  value  in  the  case  of  buoys  and 
beacons  in  remote  situations.  Acety- 
lene has,  indeed,  rendered  signal  service 
to  navigation.  Buoys  can  be  provided 
Avith  apparatus  which  enables  the  light 
to  last  for  months  at  a  time,  and  they 
require  to  be  visited  onlj^  at  very  in- 
frequent intervals.  It  may  be  inter- 
esting to  members  of  the  Society  to 
know  that  a  Nobel  Prize  was  this  year 
awarded  to  Mr,  Gustav  Dalen,  a 
Swedish  engineer,  for  his  inventions  in 
this  department.  Acetylene  buoA^s  are 
j)rovided  with  very  ingenious  auto- 
matic devices  for  switching  the  light 
on  and  off  at  certain  agreed  intervals. 
This  not  only  leads  to  a  considerable 
saving  in  gas,  but  makes  the  light 
easier  to  see  at  a  distance  (since  the 
eye  is  attracted  by  a  flickering  light 
when  it  mighc  not  observe  a  steady 
one),  Dalen  has  also  invented  a  "  solar 
valve,"  which  automatically  turns  off 
the   light   wlien   daylight   comes,    and 


very  clearly  in  emergency  lighting  ; 
for  example,  for  illuminating  docks 
while  a  vessel  is  imloading,  roadway 
alterations,  and  buildings  in  course  of 
construction.  The  London  County  Coun- 
cil now  use  acetylene  flares  and  hand 
lamps  to  a  very  large  extent  for  tram- 
way repairs,  and  they  are  also  being 
largely  employed  on  railways.  The 
author  is  informed  on  very  good 
authority  that  to  provide  efficient 
light  for  a  gang  of  men  acetylene 
effected  a  saving  of  about  60  per  cent 
in  cost  of  light  and  a  further  saving  of 
quite  70  per  cent  in  cost  of  labour  over 
that  of  the  old-fashioned  oil  flares. 

As  an  illustration  of  the  use  of  acety- 
lene for  remote  railway  stations,  we 
may  take  Brockcnluirst  Station  on  the 
London  and  South- Western  Railway. 
This  is  liglited  througliout  by  acetv- 
lene,  200  burners  with  a  totafof  9,000 
c-p,  in  all  being  employed.  All  these 
lamps  axe  furnished  with  gas  from  a 
single  central  station,  the  platform 
burners  consuming  1  cubic  foot  per 
hour,  and  the  signal  light  bui'ners 
consuming  ^  cubic  foot  per  hour  only. 


Fir,.  I  l.—Ailju.-iatile  pendant.  uAun  -J  o  !■.  ft. 
of  gas  per  hour.  A  recent  test  showed  that 
the  illumination  2  ft.  below  the  burner 
was  (J  foot-candles. 


turns  it  on  again  in  the  evening  when 
the  light  begins  to  fail.  This  is  accom- 
plished by  the  unequal  expansion  of 
two   sets    of   rods — one    pohslied    and 
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one  dead-black,  a  combination  wliich 
responds  to  light-encrg)^,  but  is  not 
affected  by  lieat.  It  may  be  added 
that  acetj'lene  flashing  hghts  are  now 
being  used  for  raihvay  signals. 


Fig.  12.— Tortable  lamp  with  silk  shade 
(lined  white  inside).  The  height  of 
burner  (consuming  |  ciilj.  ft.  per  hour) 
from  table  is  about  18  inches  and  as 
much  as  lo  ft.-candles  is  obtained  below 
the  lamp. 


It  has  been  found  that  in  the  case 
of  important  stations  the  system  of 
signals  has  become  so  complicated  that 
additional  means  of  distinction  are 
needed.  For  this  purpose  flashing 
acetylene  lights  are  very  useful  as  an 
additional  means  of  discrimination 
besides  colour. 

For  spectacular  lighting  acetylene 
is  at  a  great  advantage,  since  it  can  be 
readily  installed  at  very  short  notice. 
An  interesting  illustration  of  its  em- 
ployment in  this  -\\ay  is  afforded  by  the 
lighting  of  the  tower  of  Westminster 
Cathedral  on  Coronation  night.  Three 
hundred  and  fifty  burners,  giving  a 
total  of  17,500  c.-p.,  Avere  employed, 
and  the  tower  was  clearly  visible  both 
from  Highgate  and  the  Crj^stal  Palace, 
the  complete  installations  being  fixed  at 
three  days  notice. 


Mining  Lamps. 

Acetylene  miners'  lamps  possess  dis- 
tinct advantages,  and  have  been  used 
to  a  very  great  extent  on  the  Conti- 
nent. 

In  a  report  of  the  International  Com- 
mittee to  the  British  Acetylene  and 
Welding  Association,  issued  this  year, 
it  was  stated  that  in  France  50,000 
acetylene  miners'  lamps  were  in  use, 
and  in  Germany  as  many  as  100,000. 

The  qualities  of  acetjdene  lamps  for 
mines  have  recently  been  the  subject 
of  careful  attention,  and  suggestions 
are  being  draA\'n  up  \\\i\\  a  view  to  im- 
provement in  durability,  strength  of 
burners,  and  the  application  of  P3T0- 
phoric  devices,  enabling  the  gas  to  be 
very  conveniently  lighted  by  the  fric- 
tion of  suitable  metals.  At  the  request 
of  the  German  Acetj'lene  Association 
inquiries  have  been  made  by  the  Prus- 
sian Minister  of  Trade  and  Commerce 
into  the  experiences  obtained  with  open 
acetylene  lamps  in  the  metalliferous 
and  salt  mines  in  Prussia,  and  a  corre- 
sponding inquiry  has  been  made  by  the 
French  LMon.  A  prize  of  5,000  francs 
has  now  been  offered  by  the  United 
Carbide  Manufacturers  for  the  best 
form  of  acetylene  miners'  lamp. 

Acetylene  has  sIioaati  itself  of  con- 
siderable value  for  emergency  lighting 
at  sea,  and  for  use  at  lifeboat  stations, 
&c. 

Acetj'lene  can  also  be  used  in  a  speci- 
ally constructed  gun  to  work  as  a  fog 


Fig.  13.— Projector  lamp  fitted  with  three 
burners  each  consuming  1  cub.  ft.  of  gas 
per  hour.  At  a  distance  of  18  ft.  this 
gave  about  300  c.-p. 


signal  either  on  land  or  at  sea,  and  can 
be  set  to  work  automatically  firing 
every  few  seconds,  or  can  be  fired  as 
required  by  electricity. 


ACETYLENE   LIGHTING. 


77 


The  extent  to^Avhieli  "acetylene  is 
used  by  the  motorist  for  Hghting  has 
already  been  mentioned  ;  but  in  the 
States,  at  any  rate,  it  is  now  being 
used  not  only  to  light  the  car, 
but  to  start  the  engine,  and  during 
his  recent  tour  the  author  saw 
motor  starters  being  made  by  the 
thousand,  and  many  cars  fitted  with 
them  and  working  most  satisfactorily. 
A  small  charge  of  compressed  or  dis- 
solved acetylene  is  pumped  into  the 
cylinder  by  a  simple  hand-pump,  and 
fired  by  the  ordinary  electric  spark.  On 
the  table  there  is  a  specimen  of 
these  starters,  together  Avitli  other 
pieces  of  apparatus  and  accessories  used 
in  connexion  with  acetylene,  which  the 


Fig.  14.— \e\v  oxy-acetylene  prujector  lamp, 
using  about  7  cub.  ft.  per  hour  of  a 
mixture  of  o.xygen  and  acetylene.  At  a 
distance  of  l.S  ft.  this  gave  over  1,()()0  c.-p. 
and  the  liglit,  being  concentrated  o\er  a 
small  area,  is  convenient  from  an  optical 
standpoint. 


author  Mill  gladly  explain  to  any  one 
who  is  specially  interested. 

Acetylene  can  now  be  used  quite 
successfully  in  stoves  for  cooking  and 
lieating  purposes  ;  in  fact,  there  is 
hardly  any  purpose  for  Avhich  heat  is 
a  necessity  where  acetylene  cannot  be 
used.  Finally,  the  author  would  like 
to  quite  briefly  mention  a  few  other 
purposes  to  which  acetylene  is  at 
present  put. 

First  and  foremost  of  these  is  un- 
doubtedly oxy-acetylene  welding  and 
cutting,  in  connexion  with  which  dis- 
solved acetylene  is  largely  used.  This 
hardly  comes  within  the  scope  of  a 
paper  on  lighting,  but  is  such  an 
important  industrial  application  of 
acetylene  that  it  does  deserve  some 
mention. 


One  of  the  most  useful  purposes  to 
which  acetylene  will  shortly  be  put 
is  the  cinematograph.  A  mixture  of 
acetylene  and  oxygen  used  on  a  special 
disc  of  ceria,  gives  a  light  almost 
equal  to  the  electric  arc ;  and,  in 
conclusion,  this  fight  will  be  shown  in 
actual  operation.  Ordinary  lime  burns 
away  so  rapidly  that  it  cannot  con- 
veniently be  used  in  the  intense  heat 
of  the  oxy-acetylene  flame,  but  these 
ceria  discs  will  last  quite  a  sufficient 
time.  Some  measurements  of  the  light 
given  by  this  arrangement  were  recently 
made  at  my  office.  The  candle-power 
immediately  opposite  the  incandescent 
disc  was  found  to  be  nearly  1,100,  a 
value  which  it  would  be  difficult  to 
attain  except  by  the  electric  arc.  From 
the  optical  standpoint  the  fact  of  the 
light  being  concentrated  over  a  small 
area — the  entire  disc  is  only  22mm.  in 
diameter  and  the  incandescent  portion 
smaller  than  this — is  a  great  advantage. 
This  lamp  consumes  about  7  cubic  feet 
per  hour  of  approximately  half-and-half 
mixture  of  oxygen  and  acetvlene.  (See 
Figs.  13  and  14). 

A  comparison  test  of  an  ordinary 
acetylene  lamp  for  projection  purposes, 
consisting  of  three  burners,  each  taking 
1  cubic  foot  per  hour,  mounted  in 
a  row,  and  backed  by  a  concave  re- 
flector, was  made.  At  the  same  dis- 
tance away  the  candle-power  was 
slightly  over  300,  and,  of  course,  the 
fact  of  the  flame  occupying  such  a  large 
area  means  that  only  a  comparatively 
small  part  of  this  light  would  actually 
pass  through  the  objective. 

In  conclusion  the  author  would  like 
to  express  his  indebtedness  to  the 
folloM'ing  firms  who  kindly  provided 
apparatus  for  exhibition ;  The  Acetylene 
Illuminating  Co.  (Sun  Valve,  Flasher, 
Signalling  Lamp,  and  Dissolved  Acety- 
lene Cylinder) ;  Messrs.  Allen  &  Co. 
(Acetylene  Miner's  Lamps. 

In  order  to  keep  this  paper  within  a 
moderate  space  it  has  been  necessary 
to  pass  o\er  many  appUcations  of 
acetylene  somewhat  hastily.  But  the 
author  hopes  he  has  said  enough  to 
show  li(n\'  many  are  the  uses  to  which 
this  form  of  illumination  ia  suited. 
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Petrol  Air-Gas  Lighting. 

By   E.    Scott    Snell. 

(Paper   presented  at  a  meeting  of   the   IlIuminatiDg  Engineering   Society,  held  at  the  House   of  the    Roya 
Society  of  Arts,  Johu  Street,  Adelphi,  London,  on  Tuesday,  January  14th,  1913,  at  8  p.m.). 

[Abstract. — The  author  first  gives  a  general  explanation  of  the  nature  of  a  petrol  air-gas 
plant,  and  summarizes  its  advantages.  Curves  are  given  for  the  distribution  of  light  from  a 
Bijou  mantle,  and  the  cost  is  given  as  3d.-id.  per  1,0UU  c.p.-hrs.  Some  photographs  of  a  typical 
installation  are  presented,  and  a  rough  rule  derived  for  the  consumption  of  petrol  required  to  light  a 
certain  area.  In  the  latter  part  of  the  paper,  the  principles  underlying  the  design  of  petrol  air- 
gas  plants  are  explained  in  detail,  and  the  quality  of  petrol  to  be  used,  the  richness  of  the  gas  it  is 
desirable  to  generate,  and  the  nature  of  compressors,  carburettors,  and  governing  devices,  &c., 
discussed.] 


Introduction. 

The  chief  object  in  writing  this  paper 
has  been  to  anal^^ze  some  of  the  under- 
lying princij^les  of  petrol  air-gas  light- 
ing, and  the  points  which  have  to  be 
borne  in  mind  in  designing  good  plant. 
But  it  has  been  suggested  that  a 
general  introduction  would  be  of  service 
to  those  Avho  are  not  familiar  with  this 
method  of  illumination,  or  interested 
mainly  in  the  conditions  of  illumination 
to  be  obtained  from  the  system. 

It  may  be  mentioned,  therefore,  that 
petrol  air-gas  consists  simply  of  air 
to  Avhich  has  been  added  a  small  per- 
centage of  petrol  vapour.  A  mixture 
of  this  kind  can  be  generated  by  suitable 
machines,  and  subsequently  forced 
through  pijics  and  led  into  a  house  to  be 
used  in  a  siinilar  way  to  coal-gas,  the 
generating  plant  being  conveniently 
placed  in  a  small  outhouse.  The 
motive  power  may  be  a  hot  air  engine, 
the  force  exerted  by  a  falling  weight, 
or,  when  available,  water  power.  In 
any  case,  a  good  petrol  air-gas  machine 
should  Avork  automatically  Avhen  once 
it  is  started,  and  all  that  should  be 
necessary  is  to  supply  it  Asith  petrol 
from  time  to  time,  M'ind  up  the  w  eight, 
&c. 

It  will  be  observed  that  liquid  petrol 
only  exists  in  the  plant  itself  in  the 
outhouse.  The  pipes  led  into  the 
house  contain  only  a  mixture  of  air 
and  petrol  vapour,  and  the  percentage 
of  the  latter  is  invariabl}^  small  (li  to 
0  per  cent).  The  system  can  therefore 
be  claimed  to  be  very  safe  when  pro- 
perly designed,  for  it  Avould  liardly  be 
possible  for  a  leakage  of  petrol  air-gas 
to     give     rise     to     serious     danger — 


over  94  per  cent  of  the  escape  is  pure 
air — and  a  stream  of  the  gas  issuing 
from  a  pipe  can  only  be  ignited  with 
difficulty.  On  the  other  hand,  it  must 
be  borne  in  mind  that  petrol  air-gas 
is  not  a  true  gas,  but  only  a  mixture  of 
certain  volatile  hydrocarbons  with 
air,  and  some  of  these  hj^drocarbons 
may  condense  if  a  wrong  mixture  or  an 
imperfectly  designed  form  of  plant  be 
employed.  These  difficulties,  however, 
should  never  make  themselves  felt 
in  the  case  of  a  well-designed  system. 

Gas  lighting  by  means  of  carburetted 
air  dates  back  as  far  as  1831,  when  it 
was  proposed  by  Lowe  to  send  air 
saturated  with  the  vapour  of  volatile 
hj^dro-carbons  through  pipes  to  be  con- 
sumed in  burners  of  the  luminous  type. 
An  old  volume  on  the  subject  to  be 
found  in  the  Patent  Office  Library 
makes  excellent  reading  for  those  fond 
of  exhuming  the  past. 

No  doubt  it  was  found  in  practice 
that  a  very  high  degree  of  saturation 
was  necessary  to  produce  a  reasonable 
light,  and  the  high  cost  involved, 
coupled  Avith  troubles  met  Avith  from 
condensation,  probably  put  an  end  to 
such  schemes  from  the  commercial 
point  of  view.  Tlie  introduction  of  tlie 
incandescent  mantle,  hoAvever,  Avhich 
alloAved  the  use  of  mixtures  far  from 
saturated,  put  a  different  complexion 
on  the  matter,  and  about  five  years  ago 
a  few  comparatively  successful  machines 
pro  Added  a  stimulus  to  inventors,  with 
the  result  that  all  sorts  and  conditions 
of  gas  machines  began  to  appear,  rang- 
ing from  the  equivalent  of  a  Rolls- 
Royce  to  a  string  of  tin  cans.  Petrol 
gas,  hoAvevcr,  had  come  to  stay  as  long 
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as  there  was  petrol  available,  and  to- 
day it  is  considered  to  be  one  of  the 
cheapest,  most  brilliant,  and  probably 
the  safest  means  of  lighting  Avhere 
neither  gas  nor  electricity  mains  can 
be  tapped. 

Burners. 

Special  burners,  having  nipple  aper- 
tures much  larger  than  those  used  for 
gas,  are  required  for  petrol  air-gas 
lighting.  (It  would,  of  course,  be 
possible  to  convert  some  gas  burners 
into  petrol  air-gas  burners  by  merely 
boring  out  the  nipple,  assuming  that  one 
had  suitable  tools.  Experiments  in 
this  direction,  however,  usually  produce 
excessive  noise  and  roaring  Avhen 
alight.) 

The  larger  nipple  used  is  a  distinct 
advantage,  since  it  renders  the  burners 
much  less  liable  to  be  choked  up  by 
dust.  The  fact  that  such  a  large 
proportion  of  air  is  taken  into  the 
burner  through  the  pipes  also  enables 
us  to  obtain,  at  the  comparatively  low 
pressure  of  liin.,  conditions  of  com- 
bustion comparable  with  those  ob- 
tained by  high-pressure  gas.  Some 
discussion  has  taken  place  as  to  whether 
higher  efficiencies  can  be  obtained  by 
an  increase  in  pressure.  The  writer 
does  not  think  that  any  great  advantage 
could  be  gained  in  this  M'ay.  On  the 
other  hand,  it  would,  of  course,  be 
possible  to  use  higher  pressures  b}'' 
suitable  design  of  plant  and  burners 
were  there  any  gain  to  be  derived  by 
doing  so. 

The  natural  result  of  these  favouraljle 
conditions  for  combustion  is  that  the 
size  of  inverted  mantle  commonly  used 
for  petrol  air-gas  lighting  (tlie  Bijou 
tj^pe)  yields  a  much  more  brilliant 
light  than  would  be  obtained  with 
corresponding  mantles  with  low-pres- 
sure coal  gas.  Some  tests  recentl}^ 
carried  out  at  the  Coimty  Works 
showed  that  some  new  mantles  were 
giving  70  to  80  c.-p.,  Avhile  others 
in  the  showroom,  that  had  been  in  use 
for  some  hundreds  of  liours,  were  still 
giving  48-50.  These  tests  were  made 
on  the  mantles  alone ^  without  any 
form  of  shade,  and  the  values  quoted  are 
practically  equivalent  to  mean  lower 
hemispherical  candle-j)ower.     Very  dif- 


ferent results  are  quoted  by  dififerent 
petrol  air-gas  firms  for  the  light  obtain- 
able from  bijou  mantles,  and  there 
is  no  doubt  that  this  is  a  matter  that 
would  well  repay  independent  in- 
vestigation. 

It  must,  of  course,  be  admitted  that 
the  light  from  mantles  deteriorates 
in  the  course  of  life,  and  the  author 
has  tried  to  secure  from  consumers 
some  actual  data  as  to  the  life  of 
mantles  in  use.  Unfortunately,  the 
results  obtained  appear  to  differ  so 
widely,  according  to  the  nature  of  the 
installation  and  the  practice  of  the 
consumer,  that  one  hardly  feels  justified 
in  quoting  any  general  figure  ;  per- 
haps some  one  will  come  forAvard  in 
the  discussion  with  data  on  this  point. 

Petrol  air  -  gas  lighting  can,  of 
course,  be  applied  to  either  inverted 
or  upright  burners,  but  the  type 
that  is  most  widely  used  is  the 
inverted  bijou.  Used  with  the  County 
plant,  such  burners  are  guaranteed  to 
consume  not  more  than  one-ninetieth 
of  a  gallon  of  petrol  per  hour  ;  but  as 
a  matter  of  fact  the  consumption  is 
often  considerably  less  than  this.  Later 
on  in  this  paper  the  question  of  cost 
is  considered  in  greater  detail,  but  for 
the  moment  it  may  be  said  that  on 
the  basis  of  the  above  figures  and  the 
present  outrageous  price  of  petrol, 
the  cost  of  petrol  air-gas  lighting  per 
thousand  candle-poAver  liours  should 
not  exceed  'id.  to  \d. 

Besides  the  bijou  type  special  burners 
consuming  half  the  above  amount  of 
petrol  can  also  be  used,  but  there  does 
not  seem  to  be  a  great  demand  for 
these  small  units. 

On  the  other  hand  one  might  suppose 
that  for  factory  lighting  and  industrial 
illumination  generally,  more  powerful 
units  Avould  sometimes  be  useful.  It 
is  a  curious  fact  tliat  it  is  difficult  to 
get  the  same  high  efficiency  from 
larger  mantles.  •  This  experience  will 
probably  be  confirmed  by  those  wlio  are 
concerned  with  coal  gas  lighting.  At 
present  the  usual  course  is  to  assemble 
a  number  of  small  units  when  a  very 
powerful  unit  is  needed. 

It  may  be  well  at  this  point  to  refer 
to  a  question  that  not  infrccpiently 
figures   in  petrol  air-gas  lighting  lite- 
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rature.  namely  the  colour  of  the  light. 
Fi'om  some  remarks  that  have  been 
made  on  this  point  it  might  be  sup- 
posed  that   this   was   Avidely  diflEerent 
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Fig.  1.— Distribution  of  light  from  bare  mantle 
(consuming  one-ninetieth  gallon  of  petrol 
per  hour).  Intensity  immediately  under 
mantle  9()  C.P.  (approx.). 

from  that  derived  from  coal  gas.  The 
light  yielded  by  a  petrol  gas  mantle 
should  be  almost  exactly  similar  to 
that  obtainable  with  high-pressure  gas 


Fig.  2.— Distribution  of  light  from  burner  (con- 
suming one-ninetieth  gallon  of  pptrol  i)er 
hour),  equipped  with  opal  shade.  Intensity 
immediately  under  mantle,  210  C.P.  (njiprox.). 

lighting,  since  the  temperature  is  sub- 
stantially the  same;  it  has,  however, 
undoubtedly  less  green  in  its  com- 
position than  has  the  light  from  low- 
pressure  coal  gas  mantles. 


Shades  and  Fixtures. 

It  is  obvious  that  in  many  cases  the 
use  of  a  proper  reflector  is  of  great 
value,  and  has  as  much  to  do  with  the 
efficiency  of  the  system  from  an  illu- 
minating engineering  standpoint  as  the 
nature  of  the  burner.  In  country  houses 
people  do  not,  as  a  rule,  ask  for  a  very 
brilliant  illumination,  but  in  factories, 
mills,  &c.,  it  Avill  often  be  necessary  to 
concentrate  all  the  light  on  the  spot 
where  the  work  is  actually  carried  out. 
With  the  70  c.-p.  petrol  air-gas  burner 
and  a  suitable  shade,  a  very  brilliant 
illumination  can  easily  be  obtained. 
As  an  illustration  of  the  effect  of  a 
shade  for  this  work  there  is  shown 
side  by  side  the  polar  curves  of  light 
distribution  taken  at  the  County  Works 
recently  for  a  bare  bijou  mantle, 
equipped  with  a  conical  opal  shade. 
It  will  be  seen  that  the  candle-power 
immediately  below  the  mantle,  where 
the  light  is  usually  mainly  required,  is 
increased  from  about  90  to  over  200  c.-p. 

Opportunities  for  Petrol  Air -Gas  Lighting. 

Petrol  air-gas  lighting  can  claim  to 
have  a  special  field  in  places  where 
neither  gas  nor  electricity  is  available. 
The  simplicity  of  the  system  is  a  great 
recommendation,  and  when  a  good 
system  is  used  the  attention  required 
from  the  consumer  is  very  small  indeed. 
On  the  other  hand,  the  very  advantages 
of  the  system  have  often  been  some- 
thing of  a  drawback  to  the  industry ; 
for  the  illumination  obtainable  by  petrol 
air-gas  lighting  is  in  general  so  much 
better  than  that  derived  from  ordinary 
oil  lamps,  and  the  convenience  of 
being  able  to  turn  it  on  and  off  in  the 
same  way  as  gas  appeals  so  strongly 
to  the  average  owner  of  a  country  house, 
that  he  is  apt  to  lose  sight  of  the  dis- 
tinction between  a  good  petrol  air 
system  and  a  very  inferior  one.  He  is 
inclined  to  take  the  first  plant  that 
meets  his  notice,  dash  off  a  testimonial, 
and  then,  as  defects  subsequently 
reveal  themselves,  repent  at  leisure. 
This  could  hardly  be  otherwise,  seeing 
that  the  outsider  has  so  little  oppor- 
tunity of  getting  trustworthy  independ- 
ent information  as  to  which  are  the 
best  petrol  air-gas  machines.  At  the 
present   time   there   are   probably   be- 
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tween  30  and  50  different  makes  of 
plant  on  the  market.  Some  of  them 
are  thoroughly  trustworthy,  and  can 
be  relied  upon  to  work  year  after  year, 
and  give  the  consumer  practically  no 
trouble  ;  but  others  are  quite  the 
reverse.  Some  of  the  weaknesses  that 
have  revealed  themselves  in  some 
forms  of  plant  and  liave  discredited 
petrol  air-gas  lighting  in  the  past, 
are  really  quite  avoidable  by  proper 
design.  It  is  very  often  found  by 
consumers  that  the  light  is  affected 
by  the  number  of  burners  turned  on, 
and  that  the  illumination  is  very  much 
diminished  when  the  plant  is  run  at  its 
full  capacity.  This  is  sometimes  due 
to  the  fact  of  piping  of  too  small  a  size 
being  installed,  but  it  is  more  frequently 
due  to  defects  in  the  design  of  the  plant, 
leading  to  variation  in  the  composition 
of  the  mixture  as  more  or  less  lights  are 
turned  on.  It  need  not  be  said  that 
this  should  not  occur.  A  recent  test 
on  this  point  was  made  at  the  County 
Light  Works,  the  light  from  an  in- 
candescent mantle  being  observed  with 
a  photometer  continuously,  while  the 
load  on  the  machine  was  suddenly 
varied  over  a  very  large  range.  The 
test  took  place  over  a  period  during 
which  the  machine  made  a  large  number 
of  strokes,  and  therefore  the  contents  of 
the  gas  liolder  was  completely  changed 
several  times,  but  no  sensible  variation 
in  the  liglit  was  noticed. 

Another  defect  that  has  revealed 
itself  is  the  effect  of  tempeT'ature  on 
the  performance  of  a  jilant.  Petrol  air- 
gas  is  not  a  permanent  gas,  and  it  is 
possible  that  at  low  temperatures  some 
of  the  volatile  hydro-carbons  may 
condense,  especially  if  tlie  degree  of 
saturation  is  high.  On  this  point 
something  will  be  said  later.  Con- 
densation of  this  kind  is  a  serious  fault. 
If  it  occurs  in  the  pipe  leading  from  tlie 
outhouse  in  the  open  air  the  action  of 
the  plant  would,  of  course,  be  impeded, 
but  no  danger  miglit  occur.  But  tlio 
existence  of  liquid  petrol  in  the  pi])ps 
inside  a  house  is  a  thing  which  is  still 
more  undesirable. 

These  points  are  mentioned  merely 
to  show  what  can  take  place  witli  a 
defective  installation.  On  the  other 
hand,  experience  has  shown  that  with 


a  sound  installation  there  can  be  no 
danger  of  this  kind  even  in  the  coldest 
weather. 

A  Typical  Installation. 

Some  details  of  an  actual  typical 
petrol  air-gas  installation  will  give  an 
idea  how  the  cost  will  be  expected  to 
work  out  in  practice.  These  refer  to 
a  country  house  in  Essex  utilising  a 
fifty-light  County  plant.  Figs.  3,  4, 
and  5  are  photograj)hs  of  several 
rooms  taken  entirely  by  artificial  light. 
The  billiard  table  shown  in  Fig.  4  is 
lighted  by  eight  Bijou  burners  in  card- 
board shades,  and  a  measurement  of 
the  illumination  on  the  table  showed 
that  a  value  of  16  to  18  foot-candles 
was  obtained. 

Curiously  enough,  the  author  is 
informed  that  almost  exactly  the  same 
value  was  found  at  Whitehall  Club  for 
an  electrically  lighted  billiard  table, 
so  that  this  value  of  illumination  would 
seem  to  be  about  the  standard  for 
billiard  tables. 

The  billiard  table  is  in  a  large  hand- 
some room,  an  idea  of  which  should 
also  be  gathered  from  Fig.  4.  This 
is  approximately  40x20  ft.,  and  is 
lighted  up  by  a  series  of  eight  bracket 
lights,  also  carrying  Bijou  burners, 
distributed  round  the  room.  The 
general  illumination  in  this  room  is, 
from  actual  tests  made,  about  1  foot- 
candle. 

The  next  illustration  shows  a  bed- 
room lighted  by  a  single  Bijou  burner, 
placed  over  the  dressing  table.  The 
illumination  on  the  table  is  about  8  foot- 
candles.  This  burner  is  controlled  by 
a  press  button  pneumatic  switch  placed 
beside  the  bed. 

Consumption  figures  kept  by  th3 
owner  show  that  his  petrol  tank  is 
replenished  with  6  galls,  of  spirit  every 
ten  days  at  the  present  time  of  the 
3^ear,  an  average  consumption  of  6  of 
a  gallon  per  night.  From  information 
given  of  the  number  of  lights  used 
during  an  average  evening,  this  works 
out  at  a  good  deal  over  the  ninety 
light-hours  per  gallon  guaranteed  by 
the  County  Light,  Ltd. 

In  conclusion,  perhaps  one  might 
give  a  rough  rule  for  lighting  interiors, 
as  the  result  of  a  recent  test  at  the 
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County  Light  Avorks.  This  assumes  (as 
is  frequently  the  case  for  industrial 
installations,  though  not  always  in 
country  houses)  that  one  wishes  to 
produce  a  uniform  illumination  all  over 
the  room.  It  Avas  found  that  in  a 
room  10  ft.  square  Avitli  fairly  light 
Avallpaper,  an  illumination  of  4  foot- 
candles  could  be  obtained  at  the 
working  plane  by  two  burners  each 
consuming  about  one  one-hundredth  of 
a  gallon  of  petrol  per  hour.  From  this 
A\"e  see  that,  generally  speaking,  one- 
hundredth  of  a  per  hour  gallon  should 
yield  ^-? '^"=200  lumeiLS  ;  from  these 
data  one  might,  perhaps,  suggest  a 
rule  that  one  gallon  of  petrol  per 
hour  should  giA'e,  roughly,  one  hundred 
times  this  amount — i.e.,  20,000  lumens.* 
It  is  hoped  that  the  foregoing  data 
will  giA'e  some  general  idea  of  the 
possibihties  of  petrol  air-gas  lighting. 
The  remainder  of  the  paper  discusses 
in  greater  detail  some  of  the  points 
connected  Avitli  the  design  of  petrol 
air-gas  plant. 

Composition  of  Petrol  Air-Gos. 

Petrol  gas  consists  entirely  and  solely 
of  air,  into  AA'hich  is  e\^aporated  and 
held  in  diffusion  the  \-apour  of  one  or 
more  A^olatile  hydrocarbons.  The  Avord 
■■  petrol,"  although  a  proprietary  name, 
has  come  to  embrace  any  liquid;  or 
mixture  of  liquids,  belonging  to  that 
portion  of  the  paraffin  series  (C,,!!^,,  j_ «) 
in  A\hich  the  specific  graA'ity  lies  be- 
tAv'een  0626  and  0760,  a  A^aluable 
physical  property  of  AAhich  is  their 
volatiUty,  as  their  A^apours  Anil  remain 
absorbed  in  air  to  an  amount  at  least 
equal  to  that  necessary  to  produce 
complete  combustion,  and  that  at 
reasonable  temperatures,  or  tempera- 
tures the  highest  of  Avhich  Avould  not 
be  referred  to  as  more  than  '"  Avarm  " 
to  the  human  touch.  There  are  usually 
also  present  portions  of  the  C„H,.„ 
group,  especially  in  spirits  from  Eastern 
sources.  Petrol  gas  is  not  in  any 
sense    a   chemical   production ;     there 

*  A  lumen  is  the  unit  of  quantity  of  lisht, 
and  is  eriuivalent  to  nn  illumination  of  one  foot- 
candle  distributed  over  one  square  foot.  In 
caloulati.ig  the  total  tlux  of  light  over  a  floor, 
tablf  kc,  one  merely  multiplies  its  area  by  the 
intensity  of  illumination,  thus  in  the  above 
case  4ft-candles  over  1<X)  sq.ft.,  or  400  lumens, 
were  produced. 


is  no  affinity  between  air  and  hydro- 
carbons, and  the  change  back  from 
petrol  gas  to  its  constituents  is  readily 
effected  by  sufficiently  loAvering  the 
temperature  or  increasing  the  pressure, 
Avhen  the  Aapour  Avill  condense  out  as 
a  hquid. 

The  essential  condition  of  the  effi- 
cient use  of  am^  gas  AA-ith  a  mantle  is 
that  the  flame  temperature  should  be 
as  high  as  possible.  Xoav,  the  highest 
temperature  is  necessarily  obtained  by 
burning  the  fuel  in  close  physical 
mixture  AA'ith  the  air  AAdth  AA'hich  it  is 
about  to  unite  in  the  phenomenon  of 
combustion,  and  in  such  proportions 
that  neither  the  fuel  nor  the  air  is  in 
chemical  excess.  If  there  is  excess  fuel 
combustion  will  be  incomplete  ;  if 
excess  air,  there  is  a  larger  a  olume  of 
gas  than  necessary  sharing  the  heat 
units  liberated,  and  in  each  case  the 
temperature  falls  short  of  the  maximum. 
To  find  out  the  ideal  proportions  of  air 
to  petrol,  the  fuels  must  be  examined 
in  the  hglit  of  the  equation  repre- 
senting combustion.  Taking  Hexane 
(C,;H,^,  sp.  gr.  0'663),  AA'hich  is  the 
chief  constituent  of  the  light  petrol 
used  in  Aveight-driA'cn  machines  and 
in  most  hot-air  engine-driA'en  plants, 
combustion  may  be  represented  as 
taking  place  according  to  the  formula  : 
2  Cell,,  +  190.,  =  12  CO.,  -f  14  H,  0, 
i.e.,  2  vols,  of  A'apour  require  the 
19  A'ols.  of  oxA'gen  contained  in 
[19x4-81==]  91-3  A'ols.  of  air,  or 
100  vols,  of  mixture  contain  2- 14  per 
cent  A^apour. 

With  further  calculation  one  can 
compile  a  list  of  the  proportions  for 
other  members  of  the  series,  arranged 
according  to  the  specific  gravity  : — 


Sp.  gr. 


Ideal 
mixture. 


C,  H,,  Pentane  . .  0626  . .  2-53% 

C,  H„  Hexane  ..  0663  ..  214% 

CV  H„j  Heptane  . .  0-688  . .  1-86% 

Cs  H„  Octane  . .  0-719  . .  164% 

Cg  H^o  Nonane  . .  0742  . .  146% 

It  will  be  observed  that  the  heaAder 
the  spirit  used,  the  larger  the  propor- 
tion of  air  necessary  to  burn  it. 

At  the  same  time  it  must  be  pointed 
out  that  these  proportions  are  the 
same  as  those  required  to  giA^e  the 
greatest  explosiA^e  effort  if  fired  in  a 


PETROL  AIR  GAS  LIGHTING. 


83 


Fig.  3.— Showing  illumination  of  large  room  in  a  country  house  (40  x  20  ft.  approx.),  lighted 
by  eight,Bijou  buraers  on  brackets  with  bead  shades.     General  illumination  1  ft.-candle. 


Fig.  4.— illumiuatiou  of  billiard  table  in   same  nxim  by  eight   r.ijou  burners  in  cardboard 
shades.    Illumination  on  (able  Ki-l.s  ft. -candles. 
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confined  space.  Explosion  itself  is 
only  the  effect  of  very  rapid  expan- 
sion consequent  upon  the  sudden  hbera- 
tion  of  heat  in  an  expansible  medium, 
the  conditions  being  the  same  as  those 
necessar}'  to  produce  the  highest  tem- 
perature for  any  other  purpose. 

The  author  is  of  the  opinion,  based 
upon  practical  experience,  that  it  is 
very  objectionable  to  have  a  pipe 
sj^stem  ending  in  a  storage  holder  con- 
taining an  explosive  gas. 

Fortunately,  it  is  not  necessary  to 
use  such  a  mixture,  for  one  can  make 
use  of  that  most  extraordinary  property 
of  petrol  vapour,  viz.,  the  excessively 
small  range  over  Avhich  its  mixtures 
with  air  are  inflammable.  Although, 
for  instance,  Avith  Hexane  the  mixture 
giving  with  air  the  maximum  explosive 
violence  contains  2- 14  per  cent  of 
vapour,  yet  if  the  amount  of  vapour 
is  increased  to  as  much  as  5  per  cent, 
it  not  only  ceases  to  be  explosive,  but 
becomes  uninflammable  until  the  addi- 
tion of  further  air  has  reduced  the 
percentage  of  vapour  present. 

The  author,  therefore,  has  always 
advocated  the  use  of  a  gas  containing 
at  least  5  per  cent  of  vapour  in  its 
con>position,  for  in  the  event  of  a 
flame  by  any  means  lighting  back  into 
the  pipes  it  is  immediately  self-ex- 
tinguished, instead  of  resulting,  as 
has  happened  on  several  occasions 
within  his  knowledge,  in  a  damaging 
explosion. 

It  must  not  be  thought  that  the  use  of 
a  "rich"  mixture  results  in  a  heavier 
consumption  than  when  a  '"  poor  " 
one  is  used.  The  gas  required  at  the 
point  of  combustion — the  mantle — 
must  be  that  giving  the  highest  tem- 
perature, and  when  a  rich  mixture  is 
emplo^'ed,  dilution  is  effected  locally 
by  the  use  of  injector  burners  ^itli 
adjustable  air-sleeves,  instead  of,  as 
with  a  AAcak  gas  burning,  the  mixture 
at  the  end  of  a  gauze-covered  tube 
without  the  addition  of  further  air 
In  each  case  the  proportions  consumed 
at  the  mantle  are  the  same,  as  is  the 
consumption  of  petrol  for  a  given 
candle-power 

The  composition  of  petrol  gas  is 
usually  spoken  of  as  a  percentage,  but 
an   alternative   designation  is   that   of 


"  so  many  cubic  feet  per  gallon  of 
petrol "  ;  and  one  often  wishes  to 
transpose  one  into  the  other.  To  do 
this  one  requires  to  know  the  relative 
expansion  undergone  by  the  petrol 
in  changing  from  the  liquid  to  the 
vaporous  state.  In  a  pure  substance, 
given  the  chemical  formula  and  the 
specific  gravity,  and  knowing  that  at 
0°  C.  and  760  mm.  the  molecular  weight 
in  pounds  occupies  359  cubic  feet,  we 
have  for  Hexane  that  one  gallon, 
when  vaporized,  -sWll  occupy 

359 

[  -gg-  X  6-63  =  ]  27-7  cubic  feet. 

Again,  an  interesting  comparison  is 
possible  showing  the  effect  of  specific 
gravity  on  the  vapour  obtained  per 
gallon.  Calculations  for  other  hglit 
hydrocarbons  give  : — 

cubic  ft. 
sp.  gr.  per  gaMoa 

Pentane  . .  . .  0626  gives  31-2 

Hexane  . .  . .  0663      „      27-7 

Heptane  ..  ..  0-688      „      24-7 

Octane  ..  ..  0-719      .,      226 

Xonane  ..  ..  0742      „      208 

If  the  specific  gra\dties  are  plotted 
against  the  cubic  feet  per  gallon,  a 
curve  is  obtained  from  which  the 
relative  expansion  of  any  particular 
petrol  can  be  read  off.  As  examples  of 
the  transposition  of  one  designation 
into  the  other,  we  have,  in  a  15  per 
cent  mixture  from  0-719  sp.  gr.  spirit 
one  gallon  makes  22-6  cubic  feet  vapour 

rlOO 
contained     in     LiTg    X  22-6  =]      1,500 

cubic  feet  of  mixture  Similarly,  a 
6  per  cent  mixture  from  0688  sp.  gr, 

spirit  Avould  give  [^-    X  24-7  =]    410 

cubic  feet  per  gallon. 

Referring  again  to  the  proportions 
of  petrol  air-gas,  although  it  is  advis- 
able to  make  a  gas  of  at  least  5  per 
cent  to  secure  immunit}^  from  internal 
inflammability,  yet  the  upper  limit 
of  richness  has  to  be  considered.  The 
governing  feature  here  is  the  nearness 
of  the  condition  of  the  gas  to  "  satura- 
tion "  in  am"  piping  it  may  have  to 
pass  through.  The  objections  to  con- 
densations in  the  pipes  are  obvious — 
e.g.,  loss  of  calorific  value,  blocking  of 
passages,   and,   in  extreme   cases,   the 
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dripping  of  liquid  petrol  from  brackets 
and  pendants  in  rooms.  In  order  to 
know  how  rich  we  may  make  the  gas 
with  safety,  it  is  necessary  to  know 
something  about  the  volatility  of  the 
fuel  itself.  Our  information  with  re- 
spect to  the  pure  substances,  such  as 
pentane,  hexane,  &c.,  is  complete 
and  accurate,  curves  of  the  vapour 
tensions  of  Avhicli  have  been  plotted 
by  well-known  physicists,  and  may 
be  found  in  the  Transactions  of  the 
Chemical  and  like  Societies.  Similar 
information  for  the  mixtures  of  hvdro- 


to  go  further  into  the  theoretical 
aspect,  and  would  refer  any  one 
interested  back  to  a  paper  read  by  him 
in  191 1  before  the  Society  of  Engi- 
neers, wliere  the  theory  of  the  subject 
is  investigated  more  closely. 

It  is  out  of  the  question  for  practical 
— that  is  to  say,  commercial — purposes 
to  make  a  rich  mixture  with  other 
than  the  petrol  known  as  "  Swan  "  or 
''  Anglo-Special,"  sp.  gr.  0-680-0-695. 
With  these  petrols  the  writer  has  never 
in  practice  found  any  condensation, 
even    when     pipes     have     run     long 


Fig.  5.— Bedroom  lighted  by  a  single  Bijou  burnor  over  dresssiiig  table,  controlled  by  push- 
button pneumatic  switch,     illumination  on  dressing  table  8  ft.-candles. 


carbons  which  wo  use  is,  unfortu- 
nately, very  scanty  ;  nor,  moreover, 
are  we  certain  of  always  getting  the 
same  proportions  of  ingredients  in 
every  tin  with  a  certain  label.  Again, 
even  if  we  know  the  ingredients  of 
any  petrol,  both  qualitatively  and 
quantitatively,  it  is  a  very  dillicult 
matter,  if  not  an  impossibility,  to 
predict  the  vapour  ])ressure  of  the 
combination,  as  it  is  doubtful  whether 
vapours  obey  Dalton's  laws  clos(>l\' 
enough  to  allow  us  to  prophesy.  The 
author    does    not,    therefore,    propose 


distances  out  of  doors  in  exposed  posi- 
tions. On  the  other  hand,  experi- 
mental work  with  a  self-burning  mix- 
ture made  from  0670  spirit  has  shown 
condensation  when  passed  through  a 
coil  surrounded  by  Avater  drawn  from 
a  taj)  in  the  room. 

The  conclusions  arrived  at,  therefore, 
are  that,  A\hcre  a  rich  gas  is  made, 
no  spirit  heavier  than  sp.  gr.  0695 
should  be  used,  and  if  it  is  desired  to 
employ  commercial  i)etrol  (or  that 
used  in  motoi"s)  it  should  not  be 
heavier   than   0710   or   0720,    and   it 
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is  essential  then  to  use  a  self-burning 
gas.  Such  heavy  petrol  as  that  used 
in  motor- 'buses  and  lorries  (0-760)  should 
be  avoided,  for  either  a  large  amount 
will  be  rejected  by  the  carburettor 
or  else,  if  the  spirit  is  completely 
evaporated,  condensation  may  be  ex- 
pected to  a  serious  extent,  except  in 
artificially  warmed  positions. 

Calorific  Value. 

The  calorific  value  of  members  of 
the  paraffin  series  included  in  the 
petrols  may  be  taken  as  about  20,000 
B.T.U.'s  per  lb.  As  a  matter  of  fact, 
there  is  a  sHglit  increase  in  B.T.U.'s 
per  lb.  as  the  specific  gravity  gets 
lighter  ;  but  it  is  not  of  any  appreciable 
value,  and  the  round  figure  is  near 
enough  for  all  practical  purposes.  It 
will  be  seen,  hoAvever,  that,  as  we  are 
forced  to  buy  our  spirit  by  volumetric 
measurement  instead  of  by  weight, 
the  heavier  the  petrol  the  greater 
the  number  of  heat  units  per  tin. 
For  example,  a  gallon  of  light  spirit 
would  contain  [6-8x20,000=]  136,000 
B.T.U.'s,  as  against  [7.6x20,000=] 
152,000  B.T.U.'s  per  gallon  of  "  CroAvn  " 
spirit.  Were  it  not  for  the  above- 
mentioned  disadvantages  attendant 
upon  the  use  of  the  heavier  fuel,  this 
would  be  a  point  well  Avorth  con- 
sideration. 

Knowing,  then,  the  "  make  "  of 
gas  in  cubic  feet  per  gallon,  the  calo- 
rific value  of  tlie  gas  is  only  a  matter 
of  simple  calculation.  For  example,  a 
rs  per  cent  gas  from  0-720  spirit 
(1,500  ft.    per    gallon)    would    have    a 

,     .^         ,         ,  [7-2x20,000 
calorific  value  ot  [     ,  ^^^        =]  94-6 

B.T.U.'s  per  cubic  foot,  and  a  6  per 

cent  gas  from  0680  petrol  would  have 

[-6-8x20,000 
a    calorinc    value    of    [ —  jjri =  ] 

331  B.T.U.'s  per  cubic  foot,  the  latter 
figure  comparing  not  too  unfavourably 
with  some  specimens  of  coal  gas.  The 
author  has  corroborated  these  figures 
by  experiment. 

The  advantage  of  the  rich  gas  is 
obvious  Avhen  the  carrying  capacity  of 
pipes  is  considered.  Tlie  specific 
gravity  of  tlic  two  types  not  differing 
substantially — the  specific  gravity  of 
petrol  gas  may  be  taken  as  unitv  for 


practical  purposes — ^it  will  be  seen  that 
a  given  pipe  is  capable  of  carrying  3| 
times  the  value  -with  rich  gas  as  with 
the  weak  type,  with  the  same  fall  of 
pressure  in  each  case.  Now  it  requires 
practicallj^  the  same  initial  pressure 
of  supply  in  each  case,  the  resistances 
of  gauzes  and  nipples  ^\it\l  the  weak 
gas  balancing  the  loss  of  efficiency  by 
using  the  injector  principle  in  the 
rich  gas  ;  hence  the  advantage  is 
also  apparent  in  the  relative  powers 
required  to  drive  an  installation  of 
the  same  size  in  each  case.  In  installa- 
tions of  the  plant  designed  by  the 
author,  the  County  system,  ^-in.  barrel, 
and  even  |-in.  barrel,  is  successfully 
used,  whereas  it  will  be  found  that 
weak  gas  plants  seldom  alloAV  of  an}^ 
piping  less  than  f-in. 

Candle  Power  and  Cost. 

The  question  of  the  cost  of  light 
from  petrol  at  the  present  time  is  one 
of  great  interest  and  a  great  deal  of 
argument :  firstly,  because  no  two 
makers  seem  to  agree  upon  a  definite 
figure,  such  wide  claims  being  made  as 
from  \d.  to  4fL  per  1,000  candle-power- 
hours  ;  and.  secondly,  because  the 
price  of  petrol  itself  has  fluctuated 
between  excessive  extremes.  One  point 
the  author  would  insist  upon,  and  that 
is,  that  the  price  of  light  from  petrol 
must  be  a  function  solely  of  the  price 
and  value  of  the  spirit  itself,  and 
cannot  be  influenced  by  the  methods 
of  its  generation,  given  that  the  ap- 
paratus does  its  work  etficiently,  leaving 
no  residue  in  the  carburettor.  Here, 
again,  where  one  feels  the  need  of  some 
independent  authority  to  fall  back  upon, 
the  unbiassed  information  available 
is  very  scanty  and  incomplete. 

Prof.  Vivian  LeA\'es  reports  an  effi- 
ciency of  5.000  candle-power-hours  per 
gallon,  Avhereas  Mr.  O'Connor  gives  a 
test  Avhich  reduces  to  about  6,500  c.-p.- 
hours  per  gallon.  The  author  was 
present  at  a  test  giving  4,500  c.-p.- 
hours  per  gallon  ;  whilst  Mr.  Strode 
issued  a  report  Avhicli  worked  out  at 
6,000  Avith  one  burner,  and  9,350  c.-p.- 
hours  per  gallon  Avith  another,  both 
Avith  rich  gas.  In  some  rough  tests 
recently  made  at  the  Avorks  of  the 
County  Light,  Ltd.,  the  candle-poAVer 
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of  a  burner  with  a  new  mantle,  guaran- 
teed to  consume  not  more  tlian  one- 
ninetieth  of  a  gallon  an  hour,  gave  a 
maximum  reading  of  70  c.-jj.,  which 
reduces  to  6,300  c. -p. -hours  per  gallon. 
The  average  of  all  the  foregoing  figures 
is  6.800  c. -p. -hours  per  gallon.  With 
petrol  at  the  famine  price  of  Is.  9d. 
net,  this  is  only  S.ld.  per  1,000  c.-p.- 
hours.  It  should  be  pointed  out,  too, 
that  all  the  above  tests  relate  to  plants 
consuming  light  spirit.  There  would 
be  a  substantial  pecuniary  gain  from 
the  use  of  heavy  petrol  if  the  whole 
of  the  spirit  were  used  for  giving  light, 
as  in  the  case  of  a  weight-driven  plant 
using  0680  fuel.  The  light  obtained 
from  different  fuels  is  proportional  to 
their  calorific  values,  and  we  have  for 
light  spirit  6-8x20,000  B.T.U.'s  for 
Is.  Qd.,  and  for  heavy  spirit  7'6x 
20,000  B.T.U.'s  for  Is.  '2d.  The  rela- 
tive values  are,  therefore,  6-8x20,000 
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7-6x20,000,  or  1  :  1-67 ;   i.e.,  the  heavy 

14 
petrol  would  be  over  half  as  valuable 
again  as  the  light  one,  and  one  would 
consequently  expect  the  price  of  1,000 
c. -p. -hours  to  reduce  to  l-85d.,  as 
against  3  Id.  This  calculation,  how- 
ever, neglects  to  take  any  account  of 
the  waste  heat  (waste  as  far  as  producing 
Ught  is  concerned)  necessarily  used  for 
carburation  purposes  and  driving  an 
engine,  nor  does  it  notice  the  value  lost 
in  waste  from  carburettor  and  con- 
densation in  mains. 

When  these  factors  are  taken  into 
account,  there  is  probably  no  vast 
gain  from  the  use  of  the  heavier  spirit. 
At  any  rate,  the  author  and  his  partners 
have  not  up  to  the  present  considered 
the  proposition  sufficiently  alluring  to 
justify  their  putting  on  the  market  a 
machine  to  use  heavy  petrol,  entailing 
as  it  does  the  use  of  an  explosive 
mixture  and  heat  for  carburation  pur- 
poses. In  view  of  recent  correspond- 
ence in  a  technical  journal,  the  author 
hopes  this  point  will  receive  some 
attention  in  tlie  discussion. 

Design  of  Plants. 

Having  discussed  at  some  length 
petrol  gas  in  the  abstract,  the  means 
of    generating    it    requires    some    con- 


sideration. All  petrol  gas  machines 
resolve  themselves  eventually  into  a 
means  for  supplying  air  under  pres- 
sure, a  motive  po\\er,  a  carburettor 
and  means  for  suppl>dng  it  with  petrol, 
and  a  small  storage  holder  (usually 
employed  for  governing  purposes).  Sun- 
dry embellishments,  such  as  driers  and 
thermostats,  are  peculiar  to  certain 
systems,  and  their  use  is  not  in  general 
essential. 

Motive  Power. 

Dealing  with  the  motive  poA\er  first, 
the  theoretical  power  required  may 
be  readily  calculated.  With  a  40  c.-p. 
unit  an  inefficient  burner  may  consume 
as  much  as  12  cubic  feet  per  hour, 
and  with  a  6%  gas  as  much  as  4  cubic 
feet  per  hour  (excessive  consumptions 
are  taken  for  calculation  purposes). 
In  each  case  an  initial  pressure  of  at 
least  1|  in.  of  water  column  would  be 
necessary,  so  that  for  every  hour  each 
unit  is  in  use  there  would  be  absorbed 
[U  X  5-2  X  4=]  31-2  foot-lbs.,  and  [1.^  x 
5-2x12=]  93-6  foot-lbs.  of  work  "re- 
spectively. To  take  a  concrete  case, 
let  us  examine  a  house  with  fifty  points 
in  all.  Experience  shows  that  a  winter 
night's  consumption  is  somewhere  in 
the  neighbourhood  of  [20x6=]  120 
light-hours.  If  a  20-ft.  drop  Averc 
provided  to  run  a  A\eight-driven  jilant 
with  one  winding  per  da}^,  the  theo- 
retical weights  would  be 

[1^%^^^-'=]  187-2  lbs.,     and 


120  x  93-6 


=]  559-2  lbs. 


L        20 
respectively. 

Needless  to  say,  such  figures  are  never 
reached  in  practice,  as  tlierc  is  a  lieavy 
loss  of  efficiency  :  firstly,  in  providing 
the  supply  of  air  under  jiressure  ;  and, 
secondly,  in  forcing  that  air  tlirougli 
tlie  carburettor  into  the  holder. 
Thirdly,  it  has  been  the  autlior's 
experience  tliat,  to  ensure  against 
occasional  stop])ages,  a  machine  should 
be  so  designed  that  it  can  run  on  a 
load  of  at  least  25  per  cent  more  than 
Avill  just  make  it  work,  and  tliat  with- 
out undue  strain  on  any  part  of  tlie 
apparatus. 

The   low   ]>nvers   involved   accounts 
for   the    popularity   of   the    two   most 
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prominent  forms  of  motive  power,  viz., 
falling    -weights    and    hot-air    engines. 
Of  the  tAvo  methods  a  comparison  on 
the  score  of  ease  of  handling  and  general 
utility  necessarily  favours   the  weight 
drive.     The  fall  of  weights — since  there 
is  no  question  of  starting  and  stopping 
and   a  minimum   rate   of  working — is 
always  arranged  to  be  exactly  propor- 
tional to  the  demand  in  the  serWce  ; 
hence  a  light  or  lights,  even  up  to  full 
load,    is    always    ready    at    any    time 
during  the  day  or  night,  provided  the 
weights   are  still  off  the   ground,   and 
the   question   of    "  stand-by "    charges 
disappears.     With    the    engine,     how- 
ever, the  cost  of  running  with  no  load 
is  not  inconsiderable,  since  to  be  com- 
parable with  the  weight-driven  system 
it    must     run    continuously    through- 
out whole  nights.     People  usually  prefer 
to   shut  it  down  for  the  night,  when 
tiie  duty  of  shutting  the  engine  off  falls 
to  the  last  man  in.      Storage   holders 
mitigate    this    objection    to    a    small 
extent,    but   it    can   only   be    a    small 
extent,  since  one  burner  may  consume 
as   much   as    12   cubic   feet   per   hour. 
The    hot-air    engine    scores,    however, 
in   the   matter   of   prime    cost,    as   no 
gantry  is  necessary,  and  it  can,  so  to 
speak,  be  dumped  down  am-where. 
Compressors. 

With  weight-driven  plants  this  usu- 
ally consists  of  a  wet  gas  meter  driven 
the  reverse  way,  so  as  to  force  air 
instead  of  being  forced  hy  it.  An 
objection  in  the  author's  eyes  is, 
that  it  is  a  difficult  piece  of  apparatus 
to  take  to  pieces,  and  unless  very  well 
and  carefully  made,  the  internal  web- 
bing forming  the  compartments  some- 
times comes  unsoldered  and  springs, 
causing  internal  friction  and  possibly 
stopping  the  plant. 

In  the  machine  designed  by  the 
author  he  discarded  this  system  in 
favour  of  a  reciprocating  bell  running 
in  a  water  seal.  A  special  gear  enables 
the  weights  to  haul  it  up  whilst  it 
takes  in  a  measured  caiantity  of  air, 
releasing  it  when  full,  when  it  falls 
by  gravity  forcing  the  charge  of  air, 
and  a  measured  complement  of  petrol 
from  a  small  pump  making  stroke  for 
stroke  with  it,  into  the  carburettor. 
Such    a    compressor    has    no    internal 


moving  parts,  and  is  removed  for 
examination  at  a  inoment's  notice, 
exposing  the  interior  of  the  outer  shell 
at  the  same  time. 

The  intergearing  Avheel  t\q3e  of  blower 
is  found  ver\^  successful  with  engine- 
driven  tj'pes. 

Carburettors. 

A  discussion  of  the  principles  of 
carburetting  as  applied  to  gas-making 
machines  is  unfortunately  outside  the 
time  limits  of  a  short  paper,  but  a  few 
points  stand  out  pre-eminently  and 
demand  notice.  The  advantages  of 
cold  carburation  over  the  use  of  heat 
are  twofold.  Firstly,  if  no  extraneous 
heat  is  added,  the  carburettor  will 
probably  be  the  coldest  spot  in  the 
whole  system,  including  the  piping, 
and  a  guarantee  is  thus  obtained 
against  subsequent  condensation  ;  se- 
condly, if  there  is  no  necessity  for 
heat  in  carburetting,  in  weight -driven 
types,  there  need  be  no  flame  any- 
where on  or  near  the  machine.  This 
point  is  a  valuable  one  in  plants  where 
a  storage  of  petrol  is  placed  on  the 
machine. 

The  author  is  of  the  opinion  that 
where  possible,  carburettors  should  be 
fed  from  tanks  placed  quite  outside 
the  machine  shed  in  order  to  avoid 
all  risk  of  fire  from  carelessness.  In 
the  machine  designed  by  him  the  total 
petrol  in  the  machine,  and  therefore 
in  the  machine  shed,  is  never  more 
than  a  few  teaspoonfuls  at  one  time, 
nor  is  there  any  chance  of  an  acci- 
dental rush  of  petrol  into  the  shed  as 
the  fluid  is  lifted  by  the  pump  out  of 
its  tank,  and  is  not  controlled  by  any 
float-feed  or  similar  gravitj''  device. 
Avhich,  should  it  fail,  results  in  the 
flooding  of  the  machine  from  the  storage 
outside. 

Another  important  point  is  that  air 
and  petrol  should  always  be  fed  to 
the  carburettor  in  measured  comple- 
mentary charges,  and  no  machine 
without  a  measuring  device  can  be 
guaranteed  to  keep  a  constant  mixture 
under  all  conditions  of  running.  When 
air  is  given  a  free  choice,  as  in  a  surface 
carburettor,  where  the  spirit  is  always 
in  excess,  selective  evaporation  is 
practically  unavoidable,  and  compensa- 
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tion  for  varying  speeds  and  tempera- 
tures Avith  fluctuating  load  is  a  very 
difficult  task  indeed. 

Governing  Devices. 

Wliere  a  holder  is  used — and  any 
plant  %vitliout  a  holder  will  be  liable  to 
grave  fluctuations  of  pressure — its  posi- 
tion in  its  guides  is  a  direct  index  as 
to  whether  the  compressor  is  gaining 
on  the  demand  and  to  what  extent. 
It  is,  therefore,  usually  coupled  up 
to  some  mechanical  method  of  retard- 
ing the  driving  mechanism  when  it 
reaches  a  certain  height.  Where  such 
retarding  mechanism  takes  the  form 
of  a  band  brake  the  pressure  on  this 
band  brake  puts  an  added  pressure  on 
the  holder,  and  in  badly  designed 
plants  the  lights  may  become  brighter 
when  the  brake  comes  into  operation. 
The  author  therefore  favours  a  ratchet 
type  of  retarder,  which  has  the  merit 
of  being  either  in  or  out,  and  never  in 
the  position  of  putting  a  pressure  on  the 
bell  to  supply  a  friction  effect. 


In  some  hot-air  engine  plants  the 
bell  is  so  arranged  that  it  lifts  a  blow- 
off  valve,  and  allows  the  surplus  air 
to  escape  when  the  supply  exceeds  the 
demand.  When,  however,  this  valve 
is  linked  to  a  means  for  controlling  the 
supply  of  petrol,  a  little  consideration 
will  reveal  the  fact  that  such  a  means 
of  keeping  the  mixture  constant  pre- 
supposes that  the  engine  always  runs 
at  the  same  speed.  Such  a  method  of 
governing  is  far  from  ideal,  as  one 
would  expect  the  state  of  lubrication 
of  the  engine  to  have  a  large  effect 
upon  its  speed. 

In  conclusion,  the  author  would 
point  out  that  the  foregoing  paper  is 
not  to  be  considered  in  any  way  as  a 
thorough  exposition  of  the  theory  of 
petrol  gas.  His  aim  has  been,  rather 
to  touch  more  particularly  upon  points 
which  are  of  a  controversial  nature,  in 
the  hope  that  by  so  doing  he  may  be 
able  to  raise  a  discussion  of  particular 
interest  to  manufacturers  and  to  those 
interested  in  the  subiect. 


Discussion. 


The  Chairman,  after  a  few  intro- 
ductory remarks  called  upon  Mr. 
Butterfield  to  open  the  discussion  on 
acetylene  lighting. 

Me.  W.  J.  A.  Butterfield  said  a 
point  which  struck  him  while  the  paper 
was  baing  read  was  that  the  systenis 
of  lighting  by  combustion  in  which 
the  greatest  economy  per  l^-^at  unit 
was  secured  were  those  in  which  a 
mantle  was  used,  and  preferably  an 
inverted  mantle.  Acetylene  was  at 
a  disadvantage  in  that  respect,  for 
although  upright  mantle  burners  had 
been  used  a  little,  the  general  practice 
was  not  to  use  them,  and  inverted 
mantle  burners,  though  invented,  were 
practicallv  not  used  at  all.  The  reason 
was  that  the  natural  luminous  flame 
of  acetylene  was  so  extremely  good  and 
so  very  pleasant  that  it  surpassed  any 
other  self-luminous  flame  ;  but,  judg- 
ing merely  by  tlie  intensity  of  the 
light  produced,   there  was  some  little 


sacrifice    of   economy   through   mantle 
lighting  being  given  up  for  acetylene. 

Acetylene  had  several  uses  to  wliich 
no  other  system  of  lighting  Avas  so  well 
adapted.  These  Mere  cases  where  a 
large  amount  of  light  was  wanted  in 
conjunction  with  portability.  For  in- 
stance, for  flare  lamps  it  surpassed 
anything  else.  Miners'  acetylene  lamps 
also  were  extremely  good  for  use  in 
metalliferous  mines,  but  from  what  he 
had  seen  miners  had  a  prejudice  in 
favour  of  candl(>s.  He  believed  tliat 
they  retained  any  candles  Avliich  they 
saved  in  the  course  of  a  week  as  a 
perquisite,  whereas  they  did  not  get 
any  credit  for  carbide  saved.  Other 
obvious  instances  of  tlie  advantage  of 
acetylene  as  a  portable  light  were  in 
connexion  with  motor-car  lighting  and 
buo^^s.  He  Avas  nuicli  interested  to 
hear  about  the  use  of  the  oxy-acetylene 
flame  for  producing  a  light  with  ceria. 
It  reminded  him  of  the  old  attempt 
to    produce    a    superior    "  lime-light  " 
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by  the  use  of  zirconia  with  oxy-coal- 
gas,  and  he  would  ratlier  like  to  know 
Avhether  ceria  had  been  tried  \nth 
oxy-coal-gas.  He  was  quite  prepared 
to  beheve  that  the  effect  would  not 
be  nearly  so  good  as  ^nth  oxy-acetylene. 

Mr.  F.  S.  Thorn,  who  had  been 
associated  with  Mr.  Hoddle  for  many 
years,  said  some  information  had  come 
through  since  Mr.  Hoddle  wrote  his 
paper  from  the  manager  of  a  depart- 
ment in  a  public  body  relating  to  a 
comparison  betA\'een  acetjdene  flare 
lights  and  the  old-fashioned  oil  flar3 
lights.  Two  acetylene  flare  lights  had 
been  compared,  principally  as  regards 
costs,  A^^th  two  oil  flare  lights.  During 
one  week's  test  the  saving  effect  of 
aeetjdene  over  the  oil  flares  was,  in 
consumption,  £2  13s.  Id.,  the  candle- 
power  being  approximately  the  same. 
As  regards  attendance,  cleaning,  trim- 
ming, &c.,  the  cost  in  the  case  of  acety- 
lene Avas  £1  05.  5d.,  against  £3  195.  6d. 
for  oil.  As  an  acetylene  engineer  he 
had  been  intensely  interested  in  Mr. 
Scott-Sneirs  pap^r,  and  what  struck 
him  most  in  looking  at  it  was  that 
tliere  seemed  to  be  a  considerable  num- 
ber of  pitfalls  and  stumbling-blocks  in 
the  use  of  petrol  air-gas. 

The  Chaieman  then  invited  Mr. 
Butterfield  to  make  some  remarks  on 
Mr.  Scott-Snell's  paper. 

Mr.  Butterfield  said  'Mr.  Scott- 
Snell  had  covered  the  ground  ex- 
tremely well,  and,  generally  speaking, 
he  agreed  with  him  that  the  richer  gas, 
the  5  per  cent  mixture  or  thereabouts, 
was  preferable  to  the  poorer  gas ; 
but,  nevertheless,  he  thought  in  some 
respects  the  poorer  mixture  had  the 
advantage.  It  was  a  little  easier  to 
get  the  exact  proportions  requisite  for 
perfect  combustion  in  the  ln;rner  when 
the  air-gas  Avas  prepared  in  bulk,  as 
it  were,  in  the  equalizing  or  governing 
gas-holder  than  if  one  depended  on 
producing  the  proper  mixture  at  the 
burner  by  injecting  action,  because 
slight  variations  in  pressure,  or  a,  little 
dust  or  blockage  of  the  nii)ple,  &c., 
affected  the  proportions  in  tlie  latter 
case.     There  was  no  doubt  about  the 


economj'  of   air-gas    lighting,   even  at 
the  present  high  price  of  petrol. 

Referring  once  more  to  Mr.  Hoddle's 
paper,  he  said  there  was  a  point  with 
regard  to  the  making  of  heating  stoves 
for  acetylene  involving  the  use  of  the 
Bunsen  burner.  i\Ir.  Hoddle  liad  con- 
demned the  use  of  the  Bunsen  burner 
for  lighting  b}^  acetylene.  He  would 
like  to  know  whether  any  maker  of 
acetylene  stoves  had  tried  to  design 
one  of  the  reflector  type,  with  a  copper 
reflector  and  using  luminous  flames. 
It  seemed  to  him  that  for  heating 
purposes  it  would  be  much  easier  to 
make  a  fire  of  that  type  than  to  make 
one  with  the  Bunsen  burner,  for  he 
kncAv  from  experience  in  laboratories 
Avhere  coal-gas  had  not  been  obtain- 
al)le  that  acetylene  was  a  rather 
troublesome  thing  to  us3  in  Bunsen 
burners,  even  of  special  design. 

IVIe.  R.  J.  PiNNOCK  expressed  the 
opinion  that  the  prospects  of  petrol 
air-gas  were  very  favourable,  and  there 
were  certain  purposes  for  which  it  was 
particularly  suitable.  On  the  other 
hand,  there  were  a  great  many  important 
points,  sucli  as  the  efficiency  of  the 
lights,  and  their  effects  on  eyesight, 
in  addition  to  the  technical  points 
involved  in  the  design  of  plant,  on 
Avhich  great  differences  of  opinion  were 
expressed.  Personally  he  had  the  im- 
pression that  the  effect  of  the  fight 
was  most  soft  and  pleasing. 

A  considerable  number  of  machines 
had  recently  been  invented,  and  the 
fact  that  many  acetylene  firms  were 
now  interested  in  petrol  air-gas  would 
seem  to  augur  Avell  for  the  future  of 
this  system  of  lighting.  Much  of  the 
discussion  that  evening  had  turned  on 
the  quafity  of  mixtur*^  desirable.  He 
believed  there  Avere  present  gentlemen 
A\ho  held  A'cry  different  \deAvs  on  this 
matter.  It  seemed  to  hira.  however, 
that  if,  as  Mr.  Scott-Snell  said,  the  ideal 
mixture  of  combustion  Avas  slightly 
over  2  per  cent,  it  must  be  scientifically 
correct  to  arrange  the  machines  ahvays 
to  giA'^e  that  mixture  automatically 
to  the  burner.  An  adA^antage  of  a 
properly  designed  petrol  air-gas  plant 
Avas  that  it  could  produce  such  a  mixture 
automatically,   and   it  should   not   be 
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necessary  for  the  consumer  to  adjust  his 
lio-hts,  as  was  often  necessary  in  the  case 
of  the  richer  mixture  of  petrol  gas. 

In  the  gas  industry,  he  understood, 
the  manipulation  of  the  burners  de- 
manded the  services  of  a  fairly  skilful 
fitter.  From  the  point  of  view  of 
efficiency  pure  and  simple,  there  seemed 
to  be  much  to  be  said  for  the  poorer 
mixture. 

Mr.  W.  J.  A.  Liberty  referred  to 
some  flare-lights  being  used  for  con- 
structional work  in  Trafalgar  Square 
and  elsewhere.  He  would  Uke  further 
data  as  to  the  cost  of  portable  lamps 
of  this  description. 

Mr.  Donnithorne  remarked  that 
Mr.  Scott-Snell  had  put  the  case  for 
a  strong  mixture  very  ably  indeed,  but 
the  advocates  of  the  weak  mixture 
were  quite  prepared  to  grant  Mr.  Scott- 
Snell  all  his  points,  and  yet  they  would 
have  a  very  favourable  case.  Mr. 
Scott-Snell  himself  admitted  that  there 
was  an  advantage  of  60  per  cent  or 
over  in  the  matter  of  price  between  the 
weak  mixture  using  a  heavy  spirit  and 
a  rich  mixture  using  a  light  spirit. 
That  Avas  a  very  powerful  argument 
on  the  side  of  the  weak  mixture.  Then 
there  was  the  point  that  Mr.  Butter- 
field  mentioned,  namely,  that  the  weak 
mixture  was  more  complete  and  homo- 
geneous than  the  strong  mixture,  and 
he  thought  it  was  generally  recognized 
that,  in  the  matter  of  the  combustion 
of  the  gases,  the  intimacy  of  the  mix- 
ture was  one  of  the  most  important 
points  in  obtaining  complete  com- 
l3Ustion  and  a  hot  flame.  He  had  never 
had  the  op])ortunity  of  taking  any  tests 
of  rich  mixtures,  but  he  imagined  that 
if  a  cold  surface  were  brought  very 
near  to  tho  top  of  the  Bunsen  burner 
on  a  rich  mixtui'e  a  deposit  of  soot 
would  be  obtained  ;  but  with  the 
weak  mixture  this  had  been  found  to 
be  absolutely  impossible,  showing  that 
the  minute  the  gas  caught  fire  complete 
combustion  took  place.  That  Avas  one 
of  the  most  important  })oints,  he 
believed,  in  getting  a  good  eflieienc^y. 

He  did  not  know  much  about  con- 
densation. Figures  were  very  hard 
to  get.     As  Mr.  Scott-Sncll  said,  there 


was  always  a  proportion  of  C„H2,i 
present,  and  that  was  a  spirit  which, 
for  a  given  gravity,  had  a  very  much 
lower  vapour  pressure,  and  if  it  was 
present  it  would  condense.  At  the 
present  time  two  spirits  of  the  sams 
gravity  which  behaved  quite  differently 
were  sold  by  different  makers  ;  but 
if  the  proper  spirit,  of  a  gravity  be- 
tween 720  and  760,  was  obtained, 
under  ordinary  circumstances  there 
should  result  a  good  burning  mix- 
ture which  will  not  condense.  Some 
fraction  of  1  per  cent  may  come  down, 
but  when  there  was  the  60-70  per  cent 
margin  of  price  to  play  with  they  could 
afford  to  have  a  fraction  of  I  per  cent, 
and  yet  possibly  show  a  saving. 

Mr.  R.  W.  a.  Brewer  said  that  it 
Avas  with  great  pleasure  that  he  spoke 
on  Mr.  Scott-Snell's  paper,  because  the 
author  had  dealt  with  the  subject  so 
ably  and  scientifically.  In  all  matters 
of  this  sort  it  was  only  in  dealing 
scientifically  with  the  problem  of  car- 
buration  of  liquid  fuel  that  definite 
data  were  obtainable,  and  definite  con- 
clusions arrived  at. 

Deahng  with  one  or  two  aspects  of 
the  rich  as  compared  with  the  poor 
mixture,  he  said  he  was  glad  that  the 
author  had  pointed  out  that  what  is 
meant  by  a  rich  mixture  is  not  Avhat 
the  public  generally  imagine  a  rich 
mixture  to  be.  The  general  public 
compared  a  rich  mixture  with  coal  gas, 
as  forming  an  explosive  mixture  readily 
with  air.  But  Mr.  Scott-Snell  had 
pointed  out  that  it  Avas  only  relatively 
a  rich  mixture,  in  comparison  Avith  those 
mixtures  Avhich  are  of  the  2  per  cent 
order.  In  speaking  of  this  rich  mixture 
A\'e  must  not  run  aAvay  Avith  the  idea 
tluxt  the  leakage  irom  a  pipe  A\as  going 
to  be  at  all  a  dangerous  tiling.  That 
jioint  was  often  raised  against  the  rich 
mixture  system,  and  it  Avas  absolutely 
fallacious."  He  Avas  glad  that  this 
fallacy  had  been  expounded. 

Furthermore,  thei'e  was  an  imi)ortant 
thing  Avhich  one  must  bear  in  mind  in 
considering  a  ])i])ed  gas  system,  and 
tliat  Avas  the  cost  antl  ai)i)earance  of 
the  piping  and  fittings.  Mr.  Scott-Snell 
had  ck-ariy  shown  it  to  be  a  fact  that  in 
his  system  the  piping  Mas  very  much 
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smaller  than  in  other  systems  using  the 
same  fuel ;  this  was  an  important  point. 
Again,  there  was  the  question  of  the 
power  required  to  propel  the  gas 
through  the  piping.  He  would  like  to 
call  the  attention  of  Mr.  Scott-Snell 
to  the  calculation  he  gave  on  p.  86. 
This  appeared  to  be  rather  elusive 
and  incomplete,  for  the  author  had  not 
clearly  defined  his  units  and  constants. 
Also  in  speaking  of  British  thermal 
units,  would  the  author  kindlv  make 
the  "  T  "  into  "  Th."  He  had  been 
called  tft  task  himself  for  putting 
'•  B.T.U."  when  "  B.Th.U."  was  meant. 
It  was  an  important  thing  in  a  matter 
of  this  sort  to  get  one's  units  right. 

He  would  also  like  to  call  attention 
to  a  very  important  factor  in  connexion 
with  the  carburation  of  air  by  petrol, 
namely,  the  distinction  between  plants 
that  used  heat  and  those  that  did  not. 
Mr.  Scott-Snell  made  an  important 
point  that  the  plant  in  which  he  is 
interested  does  not  require  external 
heat  in  order  to  effect  the  carburation. 
Anybody  a\'}io  had  studied  the  question 
of  carburation  must  be  alive  to  the 
very  great  difficulties  that  occurred  in 
deaUng  with  fuels  of  various  boiling 
points,  such  as  are  met  in  ordinarj^ 
commercial  practice,  especially  when 
one  was  considering  the  adoption  of 
one  plant  or  another,  or  taking  into 
account  the  various  fuels.  The  matter 
was  an  important  one.  Assuming  that 
the  area  of  the  surface  of  the  plant 
was  of  sufficient  size,  and  that  the  fuel 
was  in  contact  with  the  air  for  a  suffi- 
cient period,  there  was  no  reason,  why 
the  abstraction  of  the  heat  from  the 
atmosphere  should  not  be  sufficient  to 
overcome  the  latent  heat  of  evapora- 
tion. In  Mr.  Scott-Snell's  system  that 
was  the  case,  and  he  was  also  right  in 
stating  that  the  temperature  of  tlie 
carburetting  apparatus  should  be  the 
lowest  temperature  of  the  whole  system, 
so  that  if  there  was  a  tendency  to 
condensation,  or  any  other  failure  of 
vapour  to  remain  in  suspension  in  tlie 
system,  that  Avould  occur  in  the  car- 
burettor, where  its  effect  would  be 
im  materia). 

There  was  one  other  thing  in  an 
intermittent  system  that  required  con- 


siderable thought,  namely,  the  "  time 
element."  For  example,  if  for  any 
apparatus  the  time  during  which  a 
certain  volume  of  air  was  in  contact 
Avith  a  certain  volume  of  fuel  was  alwaj^s 
constant,  and  the  fuel  was  of  constant 
composition  and  presented  the  same 
surface  to  the  air,  then  one  might 
expect  a  uniform  gas.  If,  however,  the 
contact  periods  or  the  periods  of  car- 
buration vary,  we  should  undoubtedly 
get  some  selective  evaporation,  and 
the  result  would  be  that  the  mixture 
would  not  be  homogeneous  under  all 
conditions. 

In  conclusion,  Mr.  Brewer  asked  the 
author  if  he  or  any  of  his  friends  had 
tried  the  carburation  of  air  by  means 
of  any  volatile  fuel  other  than  the 
petroleum  series.  Whether,  for  instance, 
he  had  tried  benzol,  or  any  commercial 
product  of  that  nature.  There  Avas  no 
reason  Avhy  such  a  fuel  should  not  be 
used,  as  it  appeared  to  be  cheap  and 
commercial ;  and  certainly  its  price 
would  not  be  controlled,  as  is  the  price 
of  the  fuel  at  present,  by  a  very  power- 
ful group. 

Mr.  Blatchley  said  that  when  he 
first  got  to  knoAV  something  of  petrol 
gas,  in  partnership  with  Mr.  Scott- 
Snell,  it  was  almost  the  universal 
practice  to  use  a  weak  "  2  per  cent  " 
or  '■  li  per  cent  mixture."  Mr.  Scott- 
Snell  soon  came  to  the  conclusion  that 
this  was  bad  practice,  and  for  the  last 
three  or  four  years  had  been  conduct- 
ing a  sort  of  campaign  in  favour  of 
the  richer,  or  "6  per  cent  "  mixture. 

Well,  he  thought  Mr.  Scott-Snell 
had  established  his  contentions  beyond 
dispute.  Though,  he  believed,  prac- 
tically all  the  petrol  gas  manufacturers 
in  London  had  been  invited  to  this 
paper,  and  the  same  thing  was  true 
of  the  paper  Mr.  Scott-Snell  read  some 
time  ago  at  the  Society  of  Engineers, 
the  Chairman  had  had  to  make  quite 
a  pathetic  appeal  for  an  adA^ocate  of 
the  Aveaker  mixture.  Mr.  Donnithorne 
had  been  the  only  one  to  respond,  and 
his  defence  of  the  Aveak  mixture  Avas 
confined  to  one  thing,  viz.,  that  if 
heavy  petrol  Avere  used — and  the 
speaker  admitted  that  this  could  only 
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be  done  witli  a  weak  mixture — there 
was  a  saving  in  cost.  He  (the  speaker) 
quite  agreed  tliat  there  woukl  be  such 
a  saving,  and  a  good  saving,  if  the 
other  objections  to  the  use  of  heavy 
petrol  Ave  re  ignored  or  risked.  That 
is  to  say,  condensation  in  the  pipes, 
waste  in  carburettor,  &c.  ;  but  the 
really  serious  objection  to  the  use  of 
heavy  petrol  in  the  speaker's  oj)inion 
was  the  very  fact  that  only  a  weak 
mixture  could  be  made  from  it  with 
all  its  attendant  defects — its  explosive 
nature,  low  calorific  value  (involving 
the  use  of  large  pipes  or  high  pres- 
sures), unsuitability  for  heating  and 
cooking  apparatus,  and  the  other 
well-known  objections. 

For  certain  uses  there  might  be 
much  to  be  said  for  heavy  petrol  and 
a  weak  mixture,  especially  in  hot 
climates.  But  he  was  quite  sure  that 
for  country  house  lighting,  where  a 
high  standard  of  work  was  required, 
the  richer  gas  was  the  right  one  to  use, 
as  also  for  any  place  where  heating  or 
cooking  was  required.  For  Colonial 
use  he  thought  a  weak  mixture  was 
more  suitable,  especially  as  there  might 
be  some  difficulty  in  getting  the  best 
petrol. 

Dr.  R.  Lessing  {communicated)  : 
With  regard  to  the  question  of  high- 
and  low-vapour  contents  of  the  petrol 
air-gas,  it  appears  to  me  that  the 
"  poor  "  gas  is  preferable  to  tlie  "  rich  " 
gas.  As  tlie  author  agreed,  the  "  rich  " 
mixture  depends  upon  the  employ- 
ment of  hydrocarbons  of  low  specific 
gravity.  Since  the  price  of  petrol, 
and  more  especially  the  varieties  of 
low  specific  gravity,  shows  a  rapidly 
increasing  upward  tendency,  designers 
of  air-gas  plant  will  have  to  follow  the 
example  set  them  by  designers  of 
motor  vehicles  in  employing  heavier 
distillates  as  their  fuel.  For  these  un- 
doubtedly a  "  poor  "  mixture  would  be 
preferable  to  effect  complete  valoriza- 
tion. At  the  same  time,  I  would  like 
to  draw  attention  to  one  phenomenon 
to  which  to  my  mind  sufficient  atten- 
tion has  not  yet  been  given  by  designers 
of  air-gas  plant,  and  that  is  the  crea- 
tion of  hydrocarbon  "  fog  "  in  the  gas. 
I  believe  it  should  be  possible  to  dis- 


perse minute  liquid  particles  of  hydro- 
carbons evenly  throughout  the  body  of 
gas,  and  carry  them  along  through  a 
fairly  extended  system  of  piping  Anthout 
condensation,  although  they  would  not 
be  "  vaporized  "  in  the  strict  sense  of 
the  word.  The  pertinacity  of  tar  fog 
in  effecting  deposition  in  gas  manu- 
facture sliould  serve  as  a  good  example 
in  this  direction.  If  suitable  devices 
for  intentionally  creating  such  a  fog 
would  be  constructed,  even  the  use  of 
hydrocarbons  of  the  lamp  oil  type 
could  be  considered  for  air-gas  purposes. 

Dr.  H.  Swabacher  {communicated) : 
I  trust  that  Mr.  Scott  -  Snell  will  agree 
with  me  that,  given  an  efficient 
machine,  the  next  important  thing 
is  to  enable  consumers  to  use  a 
cheap  fuel,  for  preference  motor  spirit 
of  approximately  '720  specific  gravity 
This  petrol  is  suggested  for  general 
use  for  two  reasons :  first,  that  this 
petrol  is  most  suitable  for  motor- 
cars so  that  the  owner  of  an  air- 
gas  machine  and  motor-car  Avill  not 
have  to  store  two  sorts  of  spirit ; 
and,  secondly,  and  this  applies  es- 
pecially to  the  export  trade,  this 
petrol  is  obtainable  in  countries  where 
neither  the  lighter  spirit  {i.e.,  -080 
sp.  gr.)  nor  the  heavier  spirit  {i.e..,  -760 
sp.  gr.)  are  procurable. 

Mr.  Scott-Snell  contends  that  it 
is  not  worth  while  to  constnict  a 
machine  to  use  the  motor  spirit,  on  the 
ground  that,  owing  to  the  loss  due  to 
condensation,  the  extraneous  heat  re- 
quired to  assist  evaporation  (generated 
by  the  hot-air  engine  used  as  motive 
power),  and  waste  spirit  rejected  by 
the  carburettor,  no  economy  is  shown 
in  the  use  of  motor  spirit,  as  against 
the  light  and  far  more  expensive  spirit 
of  "680  sp.  gr.  I  question  this  state- 
ment. I  would  like  to  ask  Mr.  Scott- 
Snell  whctlier  this  assertion  made  by 
liim  is  based  on  theoretical  considera- 
tions, or  whether  he  has  had  practical 
experiments  carried  out  on  two  effi- 
cient machines  side  by  side ;  or,  in 
turn,  on  one  and  the  same  machine 
capable  of  using  either  of  the  above- 
nientioncd  petrols.  My  personal  ex- 
perience of  experiments  carried  out 
with    at    least    one    make    in    actual 
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practice  (and  not  using  one  burner 
only,  or  an  installation  where  one- 
sixth  of  a  gallon  only  per  night  is  used) 
is  that  a  very  great  saving  is  shown, 
and  this  is  not  in  one  case,  but  a  large 
number  of  installations  where  petrol 
of  both  densities  has  been  employed. 
I  fully  agree  with  Mr.  Scott-Snell's 
statements  with  regard  to  the  con- 
densation ;  this  does  take  place  to  a 
slight  extent  when  the  heavier  grade 
spirit  is  used,  but  where  does  the  great 
objection  lie  compared  with  the  eco- 
nomy ?  Condensation  frequently  takes 
place  where  coal-gas  is  used,  in  which 
case  provision  is  made  for  tlie  same. 
Surely  it  is  a  ver}'  simple  matter  to 
adopt  similar  precautions  in  the  case  of 
"  petrol  air-gas."' 

Coming  to  the  question  of  the 
"  rich  mixture,"  say  5  per  cent,  which 
Mr.  Scott-Snell  so  strongly  advocates,  as 
against  the  "  poor  mixture  "  of  about 
1\  per  cent,  Mr.  Scott-Snell  told  us 
that  he  had  always  set  his  face  against 
the  use  of  the  latter  on  the  grounds  of 
danger.  This  argument  in  favour  of 
the  "  rich  mixture  "'  does  not  seem  to 
me  a  strong  one.  In  the  case  of  the 
"  poor  mixture  "  the  simplest  forms 
of  a  stationary  backfiash  resister  elimin- 
ates all  danger  where  this  gas  is  used. 
On  the  other  hand,  if  a  "  rich  mixture  " 
is  in  use,  and  a  bad  leakage  in  a 
small  room  or  enclosure  occurs,  and 
any  one  approaches  with  a  naked  light, 
results  may  prove  extremely  serious. 

Further,  if  condensation  were  such  a 
serious  objection  to  the  use  of  motor 
spirit — the  use  of  which  I  reiterate  is, 
in  view  of  the  high  price  of  petrol,  of  the 
gravest  importance  for  the  progress  of 
the  petrol  air-gas  industry — then  the 
"  rich  mixture  "  would  result  in  such 
serious  condensation  as  would  render 
the  use  of  the  same  impossible. 

Fortunately,  experience  has  proved 
that,  in  practice,  working  on  a  "  poor 
mixture  "  with  ordinary  motor  spirit — 

(a)  All  danger  can  be  entirely  ob- 
literated. 

{fj)  Great  economy  can  be  shown 
over  any  other  form  of  artificial  lighting. 

(c)  Highly  successful  results  obtained . 

Mf.  H.  Elwell  -  Smith  {communi- 
cated) :    I  wish  to  keep  off  technicalities 


as  much  as  possible,  so  that  the  man- 
in-the-street  can  readily  follow  the  dis- 
cussion, as  a  considerable  number  are 
interested  in  this  subject  beyond  the 
few  technical  experts  principally  con- 
nected with  the  manufacturing  trade, 
and  also  to  avoid  controversial  dis- 
cussion relating  to  the  merit  or  demerit 
of  various  makes  now  on  the  market. 

I  wish  to  admit  beforehand  that  I 
am  an  advocate  of  what  the  author  of 
the  article  terms  "  a  rich  mixture," 
although  these  memos,  may  infer  the 
contrary. 

In  dealing  with  the  efficiency  of  the 
light,  however,  I  have  certainly  found 
that  the  smaller  the  percentage  of  hydro- 
carbons used  in  a  mixture  the  more 
efficient  is  the  light — ^when  dealing 
within  a  range  of  from  H  to  10  per  cent 
vapour  to  the  mixture.  Therefore, 
in  fairness,  there  is  something  to  be 
said  for  those  finiis  who  advocate  the 
1 2  per  cent  mixture.  Mr.  Scott-Snell 
did  admit,  however,  that  hydrocarbons 
of  a  heavy  density  could  more  readily 
be  vaporized  and  held  in  suspension  at 
a  low  percentage  than  at  a  higher  one. 

It  would  be  of  immense  benefit  to 
many  to  have  published  tables  of  the 
minimuni  temperatures  of  air  and  the 
percentages  of  the  vapour  at  which 
hydrocarbons  of  various  densities  can 
be  maintained  without  condensation, 
and  a  curve  plotted  on  these  lines  would 
be  greatly  appreciated. 

At  present  we  have  only  Prof. 
Smith's  temperature  table  of  a  spirit 
of  '663  specific  gravity,  and  which  I 
think  I  recollect  is  published  in  one  of 
Sir  Boverton  Redwood's  treatises.  This 
is  of  little  practical  use  to  the  outsider, 
as  the  generality  of  plants  now  in  the 
market  specify  the  use  of  petrols  from 
.080  to  -760  sp.  gr. 

There  has  been,  and  still  is,  great 
controversy  theoretically  between  the 
safety  of  air-gas  containing  varying 
percentages  of  hydrocarbon  vapour. 
Taking  the  matter  on  a  practical 
footing,  I  have  been  called  upon  many 
times  to  inspect  and  report  on  genera- 
tors of  different  types,  and  have  found 
in  many  instances  machines  (some  now 
of  obsolete  type)  of  which  the  per- 
centage of  vapour  was  between  2  and 
3   per   cent,    or   within   the   explosive 
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zone,  the  instructions  for  running 
these  machines  being  in  general  to 
adjust  the  mixture  until  a  blue  flame 
was  obtained.  These  generators  were, 
in  most  cases,  protected  by  a  gauze  box 
in  the  main  pipe,  and  yet,  in  spite  of 
the  claims  of  all  firms  respecting  the 
great  necessity  for  keeping  out  of  this 
explosive  zone,  it  is  an  actual  fact 
that  never,  in  my  experience,  in  a 
single  case  has  an  accident  occurred 
inside  the  house  on  one  of  the  systems 
working  in  the  explosive  zone,  al- 
though, through  external  causes, 
several  accidents  have  happened  to 
the  machines. 

I  certainly  do  not  agree  with  the 
author's  remarks  that  the  candle-power 
is  not  appreciably  affected  by  tlie 
pressure ;  considerably  greater  effi- 
ciency can  be  obtained,  but  the  foot- 
lbs.,  or  energy  required,  to  maintain 
a  pressure  of,  say,  8  in.  (water  column) 
would,  in  a  weight-driven  machine,  be 
almost  prohibitive. 

Two  well-known  firms — Messrs.  Keith 
Blackman  and  Messrs.  Suggs — use  large 
mantles  only  on  their  high-pressure 
systems,  and  within  the  last  few  years 
have  increased  their  high-pressure  gas 
from  8  in.  to  as  high  as  60  in.  pressure. 

With  an  8i-in.  pressure  I  have 
obtained  from  an  ordinary  Bray  gas 
burner  (upright  pattern)  13- 500  candles 
from  the  gallon  of  petrol.  This  is 
considerably  greater  than  that  obtained 
from  the  bijou  at  low  pressure.  Mr. 
Scott-Snell  evidently  has  forgotten  to 
take  into  account  the  large  propor- 
tional number  of  heat  units  absorbed 
vinnecessarily  by  the  metal  parts  of 
many  small  burners  as  compared  Avith 
one  large  unit.  As,  however,  air-gas 
is  principally  used  in  domestic  houses, 
and  wliere  tlie  best  distril)ution  of  light 
is  essential,  small  units  most  certainly 
arc  advisable. 

Re  Motive  Power.  — The  autlior 
touches  on  weiglit  and  liot-air  onsino- 
driven  generators,  but  no  attention 
appears  to  have  been  directed  to  th(^ 
doniestic  water  supply  as  motive  j)OAver. 
This  is  by  far  tlie  simplest  form  where 
a  pressure  supply  is  available,  and 
is,  in  my  opinion,  the  ideal  poAver,  the 
necessary    foot-lbs.    being    easily    ob- 


tained with  a  very  small  expenditure 
of  water. 

The  amount  of  water  used  on  a 
fifty-light  installation  for  120  lighting 
hours,  with  a  good  water  pressure, 
would  be  about  40  gallons,  and  even  if 
]3aid  for  by  Avater  at  Is.  per  1,000  gallons 
Avould  cost  less  than  Id.  per  1,000  cubic 
feet  of  gas. 

In  combination  A\itli  a  Avater-driven 
generator  a  large  petrol  storage  tank 
may  be  used,  and  light  can  be 
provided  literally  for  months  Avithout 
attention,  reasonable  care  being  taken 
to  protect  the  Avater  pipes  from  frost. 

It  seems  a  pity  some  information  re 
Anllage  and  small  tOAAH  lighting  by  air- 
gas  Avas  not  giA^en  by  Mr.  Scott-Snell. 
Although  a  photograph  of  a  village 
lit  by  acetylene  A\'as  shoAvn,  there  Avas 
no  mention  made  by  the  exhibitor  as 
to  Avhether  or  no  this  has  proA^ed  a 
financial  success — the  crucial  point.  We 
all  knoAV  acetylene  giA^es  a  good  light. 

The  first  air-gas  village  lighting  plant 
in  the  British  Isles,  I  belicA^e,  Avas 
Harthill,  Midlothian,  installed  by  the 
Avriter  in  1906.  The  company  having 
paid  a  dividend  steadily  since  its 
inception  shoAvs  there  is  a  successful 
future  for  schemes  of  this  description, 
providing  (as  Mr.  Scott-Snell  states) 
the  generating  plant  is  A\ell  designed 
and  efficient. 

Mr.  John  Darch  {communicaterl)  : 
I  desire  to  express  my  thanks  to  the 
authors  of  the  tAvo  papers,  and  par- 
ticularly to  the  author  of  "  Petrol  Air- 
Gas  Lighting,'  for  the  Avell-reasoncd 
statements  and  A'aluablc  particulars 
given.  Unfortunately  for  this  form 
of  lighting,  Avhile  there  arc  excellent 
"  systems,"  there  are  too  numy  con- 
trivances that  are  unreliable,  and  the 
public,  unable  to  distinguish  one  method 
from  another,  is  under  an  impression 
that  this  form  of  lighting  is  not  yet 
ripe  for  adoption.  The  patent  laws 
are  the  baiTier  to  progress,  and  until 
some  of  the  jiatents  expire  avc  cannot 
expect  air-gas  lighting  to  go  ahead. 

The  paiKM'on  '  Acetylene  Lighting  '  is 
Aery  comi)reh('nsive.  and  does  not  need 
an  expert  to  understand  it.  As  an  archi- 
tect I  have  noconnnereial  interest  in  any 
form  of  lighting,  and  have.,  in  practice, 
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found  acetylene  to  be  a  satisfactory 
illuminant  ;  but  I  must  take  exception 
to  the  statement  here  made,  and  else- 
Avliere  extensively  advertised,  tliat  the 
colour  of  the  acetylene  flame  is  '"  pure 
Avhite,"  and  that  "'  it  approaches  very 
closely  to  that  of  daylight."  The  exhi- 
bition of  coloured  photographs,  taken 
under  acetylene  light.  Avas  in  itseK  a 
sufficient  refutation  of  that  statement ; 
for  A\hile  the  reds  and  yelloAvs  Mere 
brilliant  enough,  the  greens  and  purples 
•were  grey  or  black.  Let  us,  however, 
turn  to  an  investigation  by  Dr.  Voege, 
the  results  of  which  were  contributed 
to  the  Society's  Journal*  but  five  months 
ago.  and  from  which  I  select  the 
folloAnng,  based  on  a  daylight  (cloudy 
sk}^)  standard  and  taking  yellow-green 
(the  most  luminous  part  of  the  spec- 
tiiim)  as  unity  : — 

Yellow 
Blue      Green      Green      Red. 

Daylight  (average)        1-(J0  1-00  1-00  1-00 

Acetylene                          "27  "86  100  1-37 

Electric  Arc  (ordinary)  -75  '97  I'OO  1-35 

Do    (white  flame)      1-05  1-21  I'OO  V68 

Note  the  large  falling-ofE  in  the  blue 
element  in  acetylene. 

I  might  also  refer  to  the  researches 
of  Dr.  Ives.t  Avho,  in  this  case,  takes 
the  sj)ectral  primaries,  Avith  red  as  a 
basis  of  comparison  : — 

Red        Green      Blue 

Average  davHsht  KK)        100        100 

AcctyleQC  flame  100         50         10-4 

This  indicates  an  even  greater  brown- 
ness  of  acetylene  as  against  daylight. 
Surely  it  is  time  for  acetylene  lighting 
finns  to  ehminate  this  legend  from  their 
propaganda. 

Another  questionable  statement  is 
that  acetylene  is  '"  perfectly  clean  and 
does  not  discolour  walls  and  ceilings," 
and  "  even  delicate  decorations  are  not 
affected  by  it."  Acetylene  is  a  hydro- 
carbon Avith  over  90  per  cent  of  the 
latter  element,  and  unless  the  flame  be 
thin  and  otherA\ise  in  perfect  order 
free  carbon  and  CO  A\ill  escape  ; 
indeed,  it  is  doubtful  A\hether  abso- 
lutely perfect  combustion  is  possible 
under  ordinary  circumstances.  Mr. 
Butterfield,    in   his   book    '  Acetylene,' 

•  Ilium.  Eng.,  vol.  v.  p.  37!). 
t  Ilium.  Eng.,  vol.  i.  p.  1U21. 


p.  6,  says  :  "  Since,  per  unit  of  light, 
acetylene  emits  a  far  smaller  Cj[uantity 
of  combustion  products  and  a  far 
smaller  amount  of  heat  than  any  other 
flame  illuminant,  except  incandescent 
coal-gas,  the  inevitable  black  mark 
over  its  flame  takes  very  much  longer 
to  appear  [than  coal-gas  flames]." 

When  ]\Ir.  Hoddle  turns  to  discuss 
intrinsic  brilliance,  he  discounts  all 
he  has  said  before  in  sa^nng  that  "  the 
acetAdene  flame  has  only  a  mild  lumi- 
nosity, so  that  it  can  be  gazed  upon 
Avithout  the  eye  being  conscious  of  any 
discomfort "  ;  and  yet  Mr.  Hoddle 
claims  (in  his  catalogue)  a  poAver  of 
30  candles  in  the  small  flame  area  of 
a  |-ft.  burner.  ViA^an  LcAves,  Rideal 
Butterfield,  and  other  Avriters  on  acety- 
lene do  not  appear  to  deal  A\ith  its 
intrinsic  brilliancy,  and  I  had  hoped 
that  ]\Ir.  Hoddle  Avould  have  favoured 
us  Avith  figures  rather  than  general 
statements. 

Acetylene  is  a  good  light,  and  will 
recommend  itself.  To  OA'er-rate  it  is 
but  to  court  dissatisfaction  from  the 
public  and  smiles  from  the  expert. 

]Mr.  a.  E.  Cohen  {comrmniicate.d). — 
I  claim  the  hospitality  of  your  coltmins 
to  dispute  the  contention  of  ]\Ir.  Scott- 
Snell  that  "  there  is  probably  no  vast 
gain  from  tlie  use  of  lieaA^er  spirit  " 
than  the  0680  petrol  used  by  him. 

He  himself  quotes  Is.  9(7.  per  gallon 
for  0680  petrol,  and  states  that  there 
is  no  saAung  by  using  a  cheaper  petrol — 
merely  because  the  carburettor  may 
reject  a  small  percentage  of  residue,  or 
there  may  bs  a  certain  amount  of 
condensation  ! 

Having  manufactured  and  supplied  a 
large  number  of  machines  to  CA^aporate 
0680  petrol,  and  having  since,  as  a 
result  of  prolonged  experiments  by 
experts,  put  in  a  large  number  of  in- 
stallations using  both  0-720  commercial 
motor  spirit  and  0760  petrol,  I  am 
prepared  to  give  any  of  your  readers, 
on  demand,  the  names  of  unbiased 
consumers  Avho  Avill  testify  to  running 
costs  Avith  the  loAA'er  grade  petrol  AA'hich 
no  machine  using  the  light  spirit  can 
attain:  and,  Avhat  is  more,  I  haA'e  con- 
A^ertcd  machines  formerly  using  up 
every  drop  of  the  0680  spirit  on  a  poorer 
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mixture  to  use  0720  petrol,  running 
them  on  the  same  load  for  a  prolonged 
period,  and  have  shown  a  saving  which 
would  probably  astonish  the  author 
of  the  paper. 

Seeing,  therefore,  that  there  are  in- 
numerable installations  running  on  the 
low-grade  petrol,  and  showing  economic 
results,  I  think  that  Mr.  Scott-SnelFs 
contention  cannot  be  justified — especi- 
ally when  it  is  remembered  that  motor 
spirit  is  5d.  per  gallon,  or  at  least 
25  per  cent,  cheaper  than  the  spirit  he  is 
using. 

Me.  J.  S.  Dow  {coymnunicated) . — The 
discussion  seems  to  have  turned  largely 
on  one  point — ^the  comparative  ad- 
vantages of  a  "  rich  "  and  "  poor  " 
mixture.  This  is  doubtless  a  vital  one 
to  the  makers  of  petrol  air  plant. 
But  one  would  like  to  have  heard  more 
as  to  the  use  of  the  illuminant.  Little 
has  been  said  as  to  the  design  of  special 
shades  and  reflectors,  or  combinations 
of  burners  and  reflectors  to  form  one 
"  unit,"  such  as  are  customary  in 
connexion  with  gas  and  electric  liglit- 
ing.  The  use  of  a  rightly  designed 
reflector  is  often  quite  as  important  a 
feature  as  the  illuminant  itself  in  pro- 
moting economy,  and  a  petrol  air  or 
acetylene  concern  that  devoted  itself 
to  the  illuminating  engineering  side 
of  the  work  should  reap  the  benefit. 
At  present  there  is  an  impression  that 
petrol  air-gas  is  mainly  useful  for 
country  house  fighting,  and  this  is 
partly  because  the  variety  of  units 
available  is  so  restricted. 

Ml*.  Scott-Snell  has  adopted  a  figure 
for  the  cost  of  petrol  air-gas  lighting 
considerably  in  excess  of  that  claimed 
in  catalogue  literature.  The  question 
of  the  average  as  compared  Avith  the 
mitial  candle-power  given  by  mantles 
ought  surely  to  be  reckoned  in  such 
calculations  ;  no  data  were  presented 
on  this  point. 

Anotlier  point  to  be  noted  is  the 
distribution  of  figlit  from  the  ])urner. 
The  small  mantle  used  A\itli  petrol  air- 
gas  is  approximately  sjjhcrical,  and  I 
find  that  the  horizontal  candle-poMcr 
is  not  far  removed  from  the  mean 
hemispherical  candle-power  (but  natur- 
ally   more    than    the    mean    sphei'ical 


candle-power).  In  the  case  of  acety- 
lene, it  is  clear  that  the  candle-power 
in  a  horizontal  direction  perpendicular 
to  the  plane  of  the  flame  (which,  one 
may  assume,  is  that  generally  quoted 
in  catalogue  literature)  will  be  con 
siderably  more  than  in  other  directions. 
In  order  to  include  an  estimate  of  the 
light  in  all  directions  comparison  should 
be  based  on  mean  spherical  candle- 
power. 

I  am  glad  that  Mr.  Darch  has  raised 
the  question  of  resemblance  to  day- 
light. So  many  contradictory  claims 
of  this  kind  have  been  made  on  behalf 
of  acetylene  and  petrol  air-gas  that  it 
is  high  time  authoritative  tests  were 
made.  At  the  same  time,  it  is  at  least 
open  to  doubt  whether  "  artificial  day- 
light "  is  desirable  for  ordinary  illu- 
mination, however  useful  it  may  be  for 
special  work.  Claims  are  also  made 
from  time  to  time  to  the  effect  that  this 
or  the  other  illuminant  "  contains  no 
ultra-violet  light."  I  have  even  met 
a  case  in  Avhich  "  richness  in  ultra- 
violet light  "  was  claimed  as  an  ad- 
vantage. 

Mr.  Hoddle  in  reply  said  that  he 
was  glad.  Mr.  Butterfield  confirmed  his 
impression  as  to  mantles  not  being  a 
success  Avith  acetylene  ;  the  chief 
trouble  was  that  tlie  orifices  Avere  so 
small  that  quite  a  little  bit  of  dust 
would  block  them,  and  this  upset  the 
Avhole  mixture. 

But  this  did  not  apply  to  stoves, 
because  the  consum]>tion  was  here  so 
much  greater.  With  a  burner  the 
consumption  Avould  be  about  \  cubic 
foot  per  hour,  Avith  a  stove  as  much 
as  4  cubic  feet  ;  and  the  orifices 
Avere  proportionally  bigger.  There 
were  on  the  market  some  very  useful 
and  efficient  acetAdene  stoves. 

With  regard  to  Mr.  Liberty's  com- 
ment, he  tliought  it  probable  that  the 
lamps  he  saAV  Avere  acetylene  flares, 
Avhich,  as  Mr.  Thorn  liad  mentioned, 
A\'ere  being  largely  used  for  road- 
construction  Avork  by  the  L.C.C.,  and 
had  proved  very  economical.  INIr.  Thorn 
had  given  some  data  as  to  the  cost 
compared  Avith  the  old  oil  lamps,  and 
some  ])articulars  as  to  tlie  consumption 
and  candle-poAVcr  of  such  lamps  A\ould 
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also  be  found  in  his  (Mr.  Hoddle's) 
paper. 

With  reference  to  Mr.  Pinnock's 
remark  to  the  effect  that  petrol  air- 
gas  must  be  some  good,  else  why  are 
acetylene  firms  taking  it  up,  to  his 
knowledge  those  firms  Mho  have  taken 
it  up  are  doing  so  simply  to  be  in  a 
position  to  demonstrate  the  advantages 
and  disadvantages  of  both  systems. 

As  regards  Mr.  Darch's  remarks,  it 
was  not,  of  course,  claimed  that  acety- 
lene was  identical  with  daj^light,  but 
the  contention  that  it  closely  resembles 
it  is  quite  just,  and  is  fully  borne  out 
by  experience.  In  this  niatter  it  is 
probably  better  to  trust  to  practical 
work  in  delicate  colour  operations  rather 
than  solely  to  such  spectroscopic  in- 
vestigations as  those  of  Dr.  Voege, 
which,  he  understood,  utilized  certain 
colour-screens  and  a  method  which 
was  apt  to  give  particularly  unreliable 
results  in  the  blue  owing  "to  the  low- 
luminosity. 

As  regards  the  question  of  intrinsic 
brilhancy,  it  appears  misleading  to 
compare,  as  Mr.  Darch  apparently 
does,  an  acetylene  flame  with  a  fila- 
ment or  mantle.  It  may  be  that  the 
intrinsic  brilhancy  of  a  loAV-pressure 
mantle  (i.e.,  the  candle-power  di\'ided 
by  the  mantle  area)  works  out  to  a  value 
not  far  removed  from  the  acetvlene 
flame  treated  by  tliis  method.  '  But 
it  must  be  remembered  that  in  the 
acetylene  flame  the  brightness  is  uni- 
formly distributed  over  the  minute 
suspended  particles  ;  it  does  not  consist 
of  isolated  intensely  brilliant  strands. 
In  practice,  very  few  people  Avould 
object  to  the  luminosity  of  an  acetylene 
flame. 

Mr.  Scott-Snell  (in  reply)  :  Having 
had  the  communicated  remarks  sub- 
mitted to  me  since  the  meeting,  I 
would  point  out  that,  with  a  few  excep- 
tions, they  bear  on  the  relative  values 
of  rich  and  poor  mixtures.  I  can 
answer  them  en  masse  by  pointing 
out  that  poor  mixtures  with  heavy 
spirit,  although  showing  a  certain  eco- 
nomy— which  I  have  pointed  outalready 
in  the  paper— obtains  this  advantage 
at  the  expense  of  having  to  use  explo- 
«i^(.•  mixtures  and  gases  near  the 
saturation  point  at  quite  normal  tem- 


peratures. A  point  lost  sight  of  is 
that  if  a  carburettor  is  rejecting  any 
petrol  at  all,  it  becomes  in  effect  a 
"  surface  "  carburettor,  and  surface 
carburettors  most  emphatically  are 
not  to  be  depended  upon  for  constancy 
of  mixture  with  varying  temperatures 
and  velocities  due  to  varying  loads. 
I  would  also  point  out  that  the  County 
plant  can  be  changed  to  a  "  poor " 
mixture  plant  in  one  minute  by  the 
aid  of  a  screwdriver  ;  in  fact,  a  wtU- 
known  firm  of  gas  stove  makers  uses 
a  County  plant  for  testing  its  petrol 
gas  stoves,  because  it  can  be  set  at 
once  for  any  particular  "  make  "  of 
gas.  I  can,  therefore,  claim  to  be  un- 
biased in  my  opinions  by  commercial 
considerations.  It  is  quite  true  thafc 
explosive  gases  can  be  stored  with 
safety  if  j)roper  precautions  are  taken ; 
but  so  can  gunpowder  !  Nevertheless, 
I  should  alwa3^s  feel  "  nervy  "  about 
an  installation  using  an  explosive 
mixture,  as  I  have  learnt  respect  for 
the  power  of  petrol  from  an  ocular 
demonstration. 

Dr.  Lessing  suggests  the  use  of 
heavy  spirit  in  the  form  of  "  fog."  1 
do  not  think  this  is  feasible,  as  the  gas 
in  tlie  pipes  is  often  in  a  static  condition, 
"wliich  A\ould  encourage  deposition.  I 
a)n  certain,  too,  that  he  would  find 
nipples  becoming  choked  Avith  drops 
of  moisture.  I  know  that  fog  is  most 
difficult  to  eliminate  entirely,  but  I 
know  from  experience  with  steam 
injectors  for  air-compressing  that  drops 
fonn  on  small  orifices,  however  well 
designed  the  condenser  may  be.  That 
petrol  gas  plant  designers  should  follow 
the  example  set  by  motor  designers 
seems  to  me  very  bad  advice,  since  the 
conditions  of  use  of  the  fu.l  are  so 
Avidely  different. 

Dr.  Swabacher  states  that  condensa- 
tion with  coal-gas  is  not  very  important, 
and  suggests  analogy.  \Miilst  granting 
him  his  hypothesis,  I  disagree  with  his 
conclusion.  The  effect  upon  the  calo- 
rific value  of  petrol  gas  })y  condensation 
is  vastly  greater  than  the  effect  of  con- 
densation on  coal-gas,  since  if  the  same 
number  of  B.Th.U.'s  are  lost  per  cubic 
foot  in  each  case,  the  percentage 
number  of  B.Th.U.'s  lost  is  very  much 
greater  in  the  latter  case.     For  instance, 
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condensation  from  a  simple  gas  (of  one 
ingredient  only,  say,  acetylene,  if  such 
conld  be  imagined  possible  for  the 
sake  of  argument)  would  not  alter  the 
calorific  value  at  all.  I  am  afraid  space 
is  too  limited  to  make  this  as  clear  as 
I  should  like,  but  I  hope  Dr.  Schwa- 
bacher  will  understand  my  meaning. 

Mr.  Elwell  Smith  deplores  the  lack 
of  information  on  village  lighting.  I 
can  only  plead  lack  of  space  and  time 


to  go  into  it.  For  the  sake  of  others 
who  may  have  found  the  paper  incon\- 
plete,  I  would  point  out  that  the  paper 
had  to  be  cut  down  in  order  to  be 
read  in  twenty  minutes  to  share  the 
evening  with  another  author. 

Mr.  Cohen  would  have  been  more 
convincing  had  he  produced  actual 
figures,  instead  of  offering  us  the  names 
and  addresses  of  users  who  would 
testify  for  him. 


The  Lighting  of  Engineering  Works  by  Gas, 
Oil    (Incandescent),  and  Electricity. 

An  Interesting  Discussion  at  a  Meeting  of  the  Manchester  Association  of  Engiaeers, 

on  January  25,  1913. 


At  this  meeting  the  enterprising  step 
Avas  taken  of  inviting  jjapers  on  the 
lighting  of  engineering  workshops  by 
three  different  illuminants.  Gas  Light- 
ing was  dealt  with  by  Mr.  Franklin 
Thorp,  Electric  Lighting  by  Mr.  Haydn 
T.  Harrison,  and  Incandescent  Oil 
Lighting  by  Mr.  J.  E.  Evered  ;  and 
the  papers  M^ere  foUoAved  by  a  joint 
discussion. 

A  special  problem  was  also  set,  so 
as  to  provide  a  common  ground  for 
the  three  illuminants,  namely,  to  light 
a  workshop  consisting  of  two  large 
bays  each  250  ft.  long,  50  ft.  broad, 
and  30  ft.  high,  and  three  small  bays 
each  250  ft.  long,  30  ft.  broad,  and 
15  ft,  high,  with  an  illumination  on 
the  working  plane  of  not  less  than  1-5 
foot-candles. 

In  what  follows  we  give  an  abstract 
of  the  three  papers. 

The  Lighting  of  Engineering  Works 
by  Gas, 

By  Mr.  Franklin  Thorp. 

The  lighting  of  engineering  works  has 
not  until  lately  received  the  considera- 
tion that  its  importance  merits,  but  I 


hoj^e  to  demonstrate  the  value  of 
modern  gas  lighting  for  this  purpose. 
This  is  pei'haps  a  fitting  occasion  to 
mention  that  the  gas  engineer  welcomes 
the  advent  of  the  comparatively  new 
publication  The.  Illuminating  Engineer. 
This  monthly  paper  is  devoting  its 
pages  to  the  study  and  review  of  light- 
ing problems  from  all  sources  of  light, 
and  it  is  to  be  hoped  that  by  main- 
taining an  impartial  attitude  it  \\\\\ 
enable  us  to  get  at  the  true  value  of 
the  various  illuminants. 

I  cannot  do  better  than  quote  from 
the  December  issue  of  this  journal 
some  simple  rules  for  good  lighting. 

1.  Don't  work  in  a  fiickering  liglit. 

2.  Don't  expose  the  eyes  to  unsliaded 
lights  in  the  direct  range  of  vision. 

3.  Don't  judge  illumination  by  the 
brightness  of  the  lamps. 

4.  Avoid  excessive  contrast. 

5.  Use  the  right  t3'pe  of  globe,  sliade, 
or  reflector, 

6.  Make  sure  that  the  illumination  is 
sufficient. 

7.  Keep  lamps,  globes,  and  reflectors 
clean. 

8.  Make  sure  that  the  lamps  are  in 
the  right  position. 

Tliere  are,  of  course,  many  ways  of 
treating    the    lighting    of    engineering 
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workshops,  and  much  depends  on  the    noticed   that   I   have    shown   a   much 
various  tools  used  and  the  class  of  work    greater  illumination, 
carried  on.  For  the  purpose  of  this  paper  we  may 

As  a  practical  engineer  myseK,  and    take   an   efficiency   of   50   candles   per 

cubic  foot  of  gas  consumed,  which  is 
quite  attainable  in  practice.  Higher 
results  have,  however,  been  obtained 
in  the  laboratorj^  and  the  possibilities 
of  still  further  improvements  in  gas 
lighting  are  still  almost  unlimited. 

Turning  to  the  problem  before  us,  I 
would  suggest  that  the  cost  of  lighting 
two  large  bays  and  three  small  bays 
suggested  would  not  exceed  £225. 


^^7- 


4» 

Fig.  1. 

being  interested  as  director  or  con- 
sultant in  various  works  and  mills  in 
Lancasliire,  I  am  a  firm  advocate  of 
giving  plenty  of  light,  knowing  that 
the  increased  production  and  superior 


Fig.  2. 


quaHty  of  work  done  more  than  pays 
for  the  cost  of  extra  illumination. 

Whilst  I  quite  agree  with   1|  foot- 
candles  proposed  as  a  basis,  it   will  be 


Fig.  3. 

This  cost  includes  : — 

Compressors,  governors,  to  30,000  c.-p. 

Fifteen- 1,000  c.-p.  h.p.  Xewbigging 
Thorp  lamps,  16  ft.  high. 

Four-1,000  c.-p.  1. p.  Graetzin  Lamps. 
35  ft.  high. 

One  hundred-] GO  c.-p.  h.p.  Textile 
Lamps. 

Twenty-five  rise  and  fall  pendants, 
Fig.  1. 

Twentj^-five  universal  joint  pendants, 
Fig.  2. 

Fifty  ant i- vibrating  joint  pendants. 
Fig.  3. 

All  the  necessary  piping,  taps,  iron- 
work, and  labour  in  fixing. 

The  compressors  and  governors  are 
specially  constructed  to  supply  a  con- 
stant mixture  of  about  90  per  cent  gas 
and  10  per  cent  air  at  a  constant 
pressure  to  the  lamps.  The  percentage 
of  air  can,  how^ever,  be  varied  at  will 
by  turning  a  screw. 

Any  variation  in  quahty  or  composi- 
tion of  gas  Avhich  might  affect  the 
efficienc}^  of  a  lamp  can  be  corrected 
by  adjusting  a  screw  at  the  compressor, 
and  this  at  once  sets  all  the  installation 
perfect. 
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These  lamps  will  be  arranged  as 
shown  in  Fig.  5.  The  fifteen  high- 
pressure  lamps  will  be  placed  at  a 
height  of  14  ft.  to  16  ft.,  and  the  four 
low-pressure  1,000  c.-p.  lamps  will  be 
35  ft.  wide,  well  above  the  travelhng 
crane. 


Fig.  4. 

The  illumination  over  ahnost  the 
entire  floor-space  wiU  exceed  1-5  foot- 
candles.  Fig.  6  is  a  section  showing 
the  distribution  of  illumination  doAvn 
the  centre  of  one  of  the  ba^'s. 


Fig.  5. 

In  passing,  it  may  be  mentioned  that 
until  recently  there  -was  one  difficulty 
in  connexion  with  incandescent  gas 
lighting  for  factoiies,  namely,  that  the 
Mght  could  not  be  readily  applied  in 
the     position     required.     The     special 


Fig.  c. 


arrangements  shown  in  Figs.  1-3  show 
hoAv  this  adjustability  can  now  be 
obtained,  and  Fig.  4  show.s  tlK>  method 
of  concentrating  the  light  on  the  A\ork 
and  screening  tlio  workmen's  eyes. 


The  following  are  the  approximate 
maintenance  costs  of  the  lamps  em- 
plo\^ed.  As  mentioned  previously,  the 
illumination  is  considerably  in  excess  of 
the  1|  foot-candles  specified  ;  indeed, 
if  one  were  to  keejj  rigidly  to  this  value 
the  gas-consumption  would  be  about 
halved  : — 

Cost  per  Hour. 


Cost  of  gas  for  a  total  caudle  power  of 
29,000  candles  at  2.?.  per  l.OUO  ft.,  plus 
allowances   for    4    bj'e  -  passes   to   low- 

])ressure  lamps  

Jiarge  mantles — life  average,  lOH  hours 
iSmall  mantles — life  average,  300  hours 
Silica  chimneys  on  big  lamps  only 
Compressing  from  main  shaft,  h  H.P.    ... 
Attention,  repairs,  and  cleaning 


d. 

UG 

15 

1-0 

•1 

'o 

1-0 

18-7 


Maintenance  cost  In.  t'l^d.  per  working  hour  for 
29,000  candles. 

In  conclusion,  it  may  be  pointed  out 
that  the  system  of  gas  fighting  employed 
provides  great  reliabifity  and  steadiness 
— ^an  important  point  that  has  often 
been  emphasized  in  The  lUmninating 
Engineer. 

In  addition,  ease  of  manipulation 
and  adjustment  can  now  be  obtained, 
and  a  great  range  in  candle-})ower  is 
available.  Also,  as  mentioned  above, 
there  is  a  possibifity  of  still  further 
improvements  in  the  efficiency  of  gas 
liuliting  which  could  be  introduced  into 
this  scheme  with  comparative  case. 

Incandescent  Oil  Factory  Lighting. 
By  J.  E.  EvEKED. 

The  ([uestion  of  factory  lighting  has 
already  received  much  attention,  and 
is  likely  to  receive  even  more  during 
the  next  few  years,  now  that  the  con- 
sunu>r  has  so  many  ditferent  methods 
of  illumination  at  his  disposal.  It  was, 
therefore,  a  pleasure  to  receive  an 
in\  itation  to  read  a  paper  on  '  Oil 
Lighting  '  before  the  I\Ianehester  Asso- 
ciation of  Engineers,  and  the  method 
adopted — of  inviting  representatives  of 
three  different  systems  of  lighting  to 
contribute  papers — seems  an  excellent 
one. 

Cood  ilhiminatittii  is  now  regardecl 
as  an  industrial  m-cessity.  Without 
])ro|)cr  lighting  good  work  cannot  bo 
done  ;    defective  illumination  reacts  on 
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the   health   and   spirits   of  employees,  the   lamp,    or   may   be   some   distance 

and   leads   to   spoiled  jobs.     Statistics  away  and  connected  bv  piping.     It  is 

have    also    shown    that    the    greatest  filled  one-third  full  of  petroleum,  and 

number  of  accidents  occur  during  the  air  is  then  pumped  in  ;    when  the  valve 

winter    months,    when    artificial    illu-  is   opened,   this   air   (at   a   pressure   of 

mination  is   most  freely  used.     There  53-75  in.)  forces  the  oil  through  pipes 

is  no  doubt,  therefore,  that  good  arti-  to  the  lamp.     It  is  then  admitted  to 

ficial  illumination  pays,  and  it  may  be  a  specially  designed  vaporizing  cham- 

mentioned    that,    in   many   cases,    the  ber,   and 'the   vapour  passes   into  the 

annual  cost   of   lighting  bears   a   very  burner  and  brings  the  mantle  to  vivid 

small  proportion   to   the  wages   bill—  incandescence.     The  initial  fighting  up 

sometimes  less  than  1  per  cent.     The  of  the  lamp  mav  be  accomplished  by 

choice    of    an    illuminant    for    factory  igniting  spirit,  bv  gas,  or  by  electrical 

lighting  depends   largely  on  the  local  ignition.     The  process  only  takes  a  few 

conditions  ;      such     questions    as    the  minutes,  and  the  lamp  then  continues 

range    of   candle-power   available,    the  to  generate  and  burn  oil  vapour  auto- 

trou])le    needed    to    keep    lamps    clean  matically. 

and  in  working  order,  and  the  con-  It  will  be  observed  that  the  system 
venience  M'ith  ^\•]lic]l  the  fight  can  be  is  pre-eminentlv  safe  :  the  pipes^  only 
distributed  throughout  the  room— all  contain  oil,  A\hich  cannot  be  set  alight 
these  are  important  factors.  Every  at  ordinary  temperatures,  and  is  onh 
factory  presents  a  different  problem  to  brought  to  the  inflammable  state  in 
be  studied  on  its  merits.  Sometimes  the  lamp  itself.  Lamps  of  this  kind 
general  illumination  is  needed  ;  in  can  be  readily  transferred  from  place 
other  cases  local  illumination  from  to  place,  and  are  of  special  use  for 
well-shaded  lamps.  In  other  cases,  emergency  Mork  in  railway  yards, 
again,  Avhen  complicated  machinery  is  erecting  buildings,  road  excavations,  &c. 
to  be  illuminated,  the  light  should  be  It  may  be  noted  that  when  the  lights 
well  distributed,  so  as  to  penetrate  are  supplied  from  a  central  reservoir 
into  every  corner  of  the  room.  In  through  pipes  the  space  occupied  is 
judging  \A-hether  the  oil  lighting  of  a  remarkably  small.  Thus  a  tank  cap- 
workshop  is  adequate,  recourse  should  able  of  giving  200,000  c. -p. -hours  only 
be  had  to  measurements  of  illumination  occupies  10  square  ft.  Another  ad- 
at  the  actual  spot  Avhere  work  is  vantage  claimed  for  these  incandescent 
carried  out.  One-half  to  1  foot-candle  oil  lamps  is  the  bright,  penetrating 
suffices  to  enable  people  to  see  their  power  of  the  fight.  This  has  been 
May  about,  but  2  to  4  foot-candles  is  found  very  serviceable  for  lighthouse 
nearly  always  needed  for  close  Avork.  Mork,  and  is  likcAvise  useful  for  work- 
Another  point  to  be  noted  is,  that  the  shops  and  foundries  where  there  is 
lamps  should  be  suitably  screened,  or  much  steam  or  smoke.  The  latest  form 
hung  sufficiently  high  up  to  avoid  of  lamp  using  inverted  mantles  A\ill 
anvthing  in  the  nature  of  glare.  burn  fvr  100-150  hours  A\ithout  atten- 
One  great  advantage  of  oil  lighting  tion,  and  (\\ith  the  larger  types  of 
is  that  it  is  portable  and  self-contained,  lamp)  as  much  as  14,000  c.-p.-hours 
and  can  be  readily  carried  about  froin  can  be  obtained  from  1  gallon  of  oil. 
place  to  place.  The  old  Avick  oil  lamps  The  cost  in  general  works  out  to 
required  much  attention,  and  only  Avell  under  Id.  per  1,000  c.-p.-hours, 
3-ielded  about  800-1,000  c.-p.-hours  and  three  practical  examples,  including 
per  gallon  of  oil  (costing  about  8f/.).  a  shipyard,  machine  shop,  and  large 
A  great  step  forward  A\as  made  a\  hen  engineering  A\orks  are  quoted  in  sup- 
the  plan  of  using  oil  Aa])our  Avith  incan-  port  of  this  figure. 

descent  mantles  A\as  introduced.     This  In  conclusion,  the  problem  of  lighting 

method  has   been  used  in  the  Kitson  tA\  o  large  ba>'s  in  a  machine  shoo,  each 

system    of   lighting,    the   essential   cle-  250  ft.    long,'  50  ft.    broad,    and    30  ft. 

ments  of  which  are — the  lamp,  the  oil  high,    is    next    considered.     It    is   sug- 

reservoir.  and  the  tubing.     Tiie  reser-  gested  that,  for  this  jnirpose,  tAVO  sets 

voir  may  be  immediately  connected  to  of   light    1,000   c.-p.   lamps   are  to   be 
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Fig.   1.- Central  suspension  of  lamps. 


▼ 

0 

Fk;.  "i.— Lamp.s  suspemlci.1  on  bulh  tidcti  of  bag  ou  adjustable  bracket.^ 
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used  in  each  bay.  These  will  be  hung 
on  brackets  from  the  sides  of  the  room, 
giving  an  illumination  of  3-5  foot- 
candles.  The  running  cost  of  the 
thirty-two  lamps  required  for  the  two 
large  bays  should  not  be  more  than 
35.  per  hour.  The  initial  cost  of  sup- 
plying the  lamps,  piping,  and  every- 
thing necessary  will  jorobably  not 
exceed  £225. 

In  the  same  wav  the  three  small  bays, 
each  250  ft.  long,  30  ft.  broad,  andlS'ft. 
high,  are  considered,  and  it  is  shown 
that  the  same  illumination  could  be 
provided  in  each  bay  by  a  series  of 
eight  lamps  hung  down  the  centre  of 
the  room.  The  running  cost  for  the 
three  bays  should  not  exceed  2s.  per 
hour,  and  the  cost  of  installation 
(twenty-four  lamps  in  all)  should  not 
be  more  than  £170. 

Th)  IllamiQation  of  Eagioeering  Work- 
shops by  Electricity. 

By  Haydn  T.  Harrison. 

The  work  carried  out  in  a  modern 
engineering  workshop  has  to  be  of  a 
very  accurate  nature.  This  means  that 
every  detail  of  the  work  should  be 
clearly  visible  to  the  Avorker,  and  that 
any  defects  in  lighting  such  as  might 
cause  strain  on  the  nervous  system 
should  bs  carefully  avoided.  Glaring 
lamps  must  therefore  be  absent ; 
engineers  now  adopt  methods  which 
make  it  impossible  for  the  eye  to  see  the 
filament  under  general  conditions.  It 
must  be  borne  in  mind  that  the  position 
of  tools  in  a  workshop  has  naturally 
a  bearing  on  the  system  of  lighting 
selected  ;  the  electrical  driving  and 
the  resultant  absence  of  shafting  and 
belting,  often  simpHfies  the  lighting 
problem  considerably,  &c. 

As  regards  the  intensity  of  illumina- 
tion desirable  there  is  at  present  much 
difference  in  the  practice  adopted, 
even  in  factories  of  the  same  class. 
This  is  illustrated  in  Mr.  T).  R.  Wilson's 
admirable  series  of  tests  included  in  the 
last  Annual  Report  of  the  Chief  In- 
spector of  Factoi'ies.  It  is  evident 
that  the  amount  of  ligjit  required  is 
to  some  extent  dependent  on  the  re- 
tlecied  power  of  the  materials  worked 


with.  The  following  figures  might 
perhaps  be  taken  as  essential  in  machine 
shop  working  in  America  : — 

General  Illumination  in  addition 

tolocallighting 1 -.5  ft.  candles 

Bench  ,.        .,  4  ,, 

Machine        ,,        „  (;-7  „ 

Foundries,  general  Illumination  3  ., 

Power  Houses    „  ,,  ...  2'5  ,, 

An  important  point  emphasized  in 
Mr.  Wilson's  report  is  the  necessity  for 
avoiding  '"glare."  The  chief  points  to  be 
borne  in  mind  are  (1)  position  of  the 
light  imit  and  (2)  the  necessity  for 
eflticient  shading.  It  is  difficult  to 
reduce  the  intrinsic  brilliancy  of  illu- 
minants  down  to  2i  c.-p.  per  square 
inch  without  undue  absorption  of  light, 
and  it  is  therefore  becoming  general 
to  adopt  a  system  by  which  none  of 
the  light  sources  are  visi])le,  except 
those  used  for  general  lighting  which 
may  have  a  comparatively  low  in- 
trinsic brilliancy. 

The  general  illumination  given  in 
the  figures  presented  above  was  put 
at  lo  foot-candles,  and  this  has  been 
suggested  as  a  basis  for  the  lighting 
of  the  Avorkshop  suggested. 

The  large  bays  being  30  ft.  high,  it 
is  evident  that  bright  lamps,  placed 
at  a  level  out  of  the  direct  range  of 
Adsion,  can  readily  l)e  used.  The  A\'idth 
of  the  building  is  50  ft.  It  may  there- 
fore be  suggested  that  the  line  of  lami3s 
placed  doAvn  the  centre  of  the  room 
should  be  r.paced  at  this  distance.  FiA^e 
modern  flame  arc  lamps  Avill  be  emploj^ed, 
and  these  can  be  conveniently  run  in 
series  on  200  to  240  volts.  Practice  has 
proved  that  500  Avatt  lamps  will  giA^e 
the  requisite  candle-poAver  to  produce 
1-5  foot -candles  midway  between  the 
lamps.  The  cost  of  lighting  for  1,000 
hours  would  Avork  out  as  folloAVS  : — 

(u^  2,,->0()  Board  of  Trade  Units  at !(/.  £10  8  4 
(l>)  Carbons   and    trimming    at    '3d. 

\niv  lamp  hour  6    5    0 

(c)  Interest  and    sinliiug    fund    and 

repairs 7  10    0 

Total  for  l.OOO  hours     £21     3    4 

T(jtal  cost  of  lighting  per  bay  per  hour  5'Sd. 

In  the  small  machinery  bay,  Avhere 
the  height  is  only  15  ft.,  shaded  tungsten 
lamps  are  preferably  used,  and  these 
may  be  spaced  a  distance  apart  equal 
to  about  tAA'ice  the  height  of  the  lamps 
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above  the  working  plane.  If  the  lamps 
were  placed  13  ft.  above  the  floor, 
i.e.,  10  ft.  above  the  working  plane, 
each  lamp  will  serve  to  illuminate  an 
area  of  400  square  feet ;  twenty  such 
fittings  would  be  required,  and  would 
give  the  desired  illumination.  The 
running  cost  would  work  out  as  follows  : 

\.(m  Board  of  Trade  units  at  Id.      ...      i\    .3    4 

Fjamp  renewals  ...         ...         ...        ...         2  Id    0 

Interest,  sinking  fund,  and  repairs  ...         A    0    U 

Total  per  1,0(K)  hours    £9  13    4 

At  this  point  it  may  be  of  interest  to 
summarize  the  conditions  of  lighting 
in  the  two  bays  : — 

LARGE  BAY  (I2,.o00  sq.  ft.  fioor  area)  :— 
Efficiency  of  lamps  in  required  diiection 

5  C.P.  per  watt 
Total  candle-power  allowed  12,.%0  C.l'. 

Candle-power  per  sq.  ft.  V 

Cost  per  sq.  ft.  per  l.OCO  hours  -464^/. 

SMALL  BAY  {7,50<)    sq.  ft.  floor  area)  :— 
Efficiency  of  light  sources  2  C.P.  per  waft 

Total  effective^light  allowed  2,000  C.P. 

Candle-power  per  sq.  ft.  '267 

Cost  per  sq.  ft.  1,(J00  hours  -M<1 

It  may  be  remarked  that  in  pre- 
scribing the  illumination  in  a  factory 


it  is  often  necessary  to  have  special 
reference  to  the  number  of  men  at 
work,  and  to  see  that  each  individual 
worker  receives  the  required  illumina- 
tion. The  writer  has  found  that  in 
general  about  10  watts  per  man  should 
be  provided,  as  well  as  a  small  amount 
for  general  lighting  in  the  room.  This 
is  all  that  is  necessary,  provided  that 
suitable  efficient  opaque  reflectors  are 
used. 

Possibly  the  cost  of  electric  hghting 
assumed,^  namely,  If?,  per  unit,  may 
be  considered  rather  low,  but  as  most 
large  works  have  either  got  their  own 
generating  machinery  or  are  supplied 
by  power  companies  it  will  be  found 
tliat  this  is  a  fair  average.  There  can 
be  no  doubt  that  adequate  illumination 
pavs.  Statistics  have  been  obtained 
and  pubhshed  showing  that  defective 
illumination  is  often  res]ionsible  for  the 
increase  in  output  varjang  from  12  to 
20  per  cent,  and  in  this  paper  it  has  been 
shown  that  by  the  proper  use  of  elec- 
trical lamps  efficient  illumination  can 
be  very  economically  obtained. 


Lectures  on  Illuminating  Engineering  at  the  Polytechnic 
(Regent  Street,  W.). 

On  Friday,  January  17th,  Dr.  W. 
Ettles  delivered  the  opening  lecture  of 
the  new  year  on  '  Illumination  and 
the  Eye.'  A  variety  of  lantern  slides 
was  thrown  on  the  screen  illustrating 
the  structure  of  the  eye,  its  sensitive- 
ness to  light,  the  action  of  the  muscles 


to  an  explanation  of  the  terms  com- 
monly used  in  connexion  with  illumina- 
tion "(candle-power,  illumination,  flux 
of  light,  &c.). 

Subsequently  he  passed  on  to  stand- 
ards of  hght,  and  explained  the  working 
of    an    ordinary    photometric    bench. 


controlhng  the  lens  and  the  iris  dia-  He  pointed  out  also  the  importance  of 
phragm,  and  the  complexity  of  the  studying  tlie  distribution  of  light  in  all 
human  retina.  A  special  feature  was  a  directions,  and  described  the  use  of  the 
series  of  slides  which  could  be  mani-  Ulbricht  globe  to  determine  mean 
pulated  by  hand  in  order  to  show  hou  spherical  candle-power, 
the  pupil  aperture  altered  Avhenever  A  considerable  portion  of  the  lecture 
there  was  an  effort  of  accommodation,  was  devoted  to  illumination  photo- 
In  conclusion,  the  lecturer  pointed  out  meters.  The  Holo])hane  Lumeter, 
liow  acuteness  of  vision  was  affected  Lightometer,  and  Luxometer  were 
by  the  chromatic  aberration  of  the  eye,  sho\vn  and  described.  As  exaniples  of 
which  was  usually  incapable  of  focussing  the  work  that  could  be  done  with  such 
violet  rays  ;  this  was  a  fact  that  should  instruments  he  referred  to  the  measurc- 
b?  born  in  mind  by  those  who  attempted  nients  in  schools,  liln-aries,  &c-,  pre- 
to  study  the  '"  detail-revealing  "'  power  sented  at  meetings  of  the  Illuminating 
of  coloured  light.  Engineering  Sot-ietv,  and  to  the  series 
On  Friday,  January  24th,  Mr.  J.  S.  of  2,500  nuNisureinents  made  in  over 
Dow  dealt  "with  the  "'  Measurement  of  one  hunderd  dilT(>ront  factories,  under- 
Light  and  Illumination.'  The  early  taken  for  the  Home  Office  by  Mr. 
part  of  the  lectiu'e  \\'as  devoted  mainly  D.  R.  Wilson. 
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The  Illumination  of  Schoolrooms. 


What  is  needed  nowadays  is  to  induce 
the  general  public,  as  well  as  the  lighting 
engineer,  to  take  an  interest  in  illu- 
mination. It  is,  therefore,  a  good  sign 
when  one  finds  the  general  Press 
include  articles  dealing  with  the  sub- 
ject, and  especially  so  when  a  journal 
devoted  to  a  certain  trade  or  profes- 
sion takes  up  the  particular  aspect  of 
lighting  that  interests  its  readers.  A 
case  in  point  is  provided  by  The 
American    School    Board    Journal    for 


classroom  in  the  United  States  is 
stated  to  be  from  24-26  ft.  in  width, 
28-30  ft.  long,  and  13-14  ft.  high.  The 
Committee  considered  quite  a  number 
of  different  schemes,  with  a  view"  to 
getting  the  best  general  conditions  of 
lighting,  aiming  chiefly  at  the  avoid- 
ance of  glare,  the  x^i'ovision  of  a  suffi- 
ciently strong  and  even  illumination 
for  the  desks  and  blackboard,  and  the 
avoidance  of  inconvenient  shadows. 
The  scheme  ultimately  preferred,  known 


June  of  this  year,  which  contains  an 
article  by  Mr,  V.  R.  Lansingh  on  the 
'  Illumination  of  School  Buildings.' 

Mr.  Lansingh  gives  particulars  of 
the  tests  carried  out  by  the  Committee 
of  Boston  oculists  and  electrical  engi- 
neers, working  in  conjunction  with  Mr. 
B.  Hatch,  the  engineer  for  the  (School 
Buildings  Commission  in  that  city,  in 
1907.  This  seems  to  have  been  one 
of  the  first  joint  investigations  on 
schoolroom     lighting.      The     standard 


as  the  "  Nine  Point  Method,"  is  shown 
diagrammatically  in  Fig.  2,  while  Fig.  1 
is  a  photograph  of  a  room  arranged  on 
this  plan.  In  this  case  Holophane 
reflectors  and  tungsten  lamps  were  used, 
but  presumably  good  results  could  also 
be  obtained  Avith  inverted  incandescent 
mantles,  if  the  correct  reflectors  were 
used  and  the  same  positions  for  the 
lamps  adopted. 

In    this    scheme    the    centre    of   the 
distribution  of  light  is  located  sUghtly 
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in  front  and  to  tlie  left  of  the  centre  of 
the  desk  area.  This  anangenient  casts 
the  dominant  shado'\^'s  towards  the 
right  and  the  rear.  The  scheme  has 
been  widely  copied  in  schools  in  other 
cities  in  the  United  States,  such  as 
Newark  (N.J.),  Rochester  (N.Y.),  and 
New  York  City. 


□    □    □    □    □ 


r&fa  E  □  li  □ 


□  □□□□□•; 


Commenting  on  the  other  schemes 
investigated  by  the  Committee,  Mr. 
Lansingh  says  : — 

"  Special  methods  of  artificial  illu- 
mination have  been  tried  from  time 
to  time  :    for  instance,  the  method  of 


lighting  entirely  from  one  side  of  the 
room,  and,  again,  })y  an  indirect 
fixture  throwing  all  the  light  to  the 
ceiling  and  up])er  side-walls,  whence 
it  is  reflected  to  the  working  plane. 
The  first  method  was  tried  in  St.  Louis, 
use  being  made  of  strongly  concen- 
trating prismatic  glass  reflectors  ar- 
ranged in  the  angle  between  ceiling 
and  side-wall  at  the  left  of  the  room 
above  the  windows.  This  approxi- 
mated daylight  conditions,  but  was  not 
entirely  successful.  The  indirect  me- 
thod of  lighting  has  certain  inherent 
objections,  so  that  up  to  the  present 
time  it  has  found  little  favour.  How- 
ever, with  the  recent  improvements  in 
lamps  and  reflectors,  it  is  quite  prob- 
able that  this  method,  or  better,  a 
modification  having  a  slight  direct 
element  (known  as  the  semi-indirect 
method)  will  find  liuiited  application 
Avhere  the  conditions  are  favourable  to 
its  use." 

Another  point  that  received  atten- 
tion is  the  colour  of  the  walls  and 
ceilings  ;  in  Boston  light-green  Avails 
(reflecting  about  46  per  cent  of  the 
light)  and  buff  ceilings  (reflecting  about 
51  per  cent)  have  been  used.  In  other 
instances  the  buff  and  tan  combination 
has  been  used  with  success,  but  light 
green  seems  to  be  regarded  as,  on  the 
whole,  the  best  tint.  The  coefficient  of 
reflection  is  in  general  fairly  high,  and 
the  colour  is  considered  to  produce  a 
restful  impression. 


The  British  Departmental  Committee  on  Industrial 

Illumination. 


The  Home  Secretary  has  appointed 
a  Committee  to  inquire  and  report  as 
to  the  conditions  necessary  for  the 
adequate  and  suitable  lighting  (natural 
and  artificial)  of  factories  and  work- 
shops, having  regard  to  the  nature  of 
the  work  carried  on,  the  protection  of 
the  eyesight  of  the  persons  employed, 
and  the  various  forms  of  illumination. 
The  Committee  are  :  Dr.  R.  T.  Glaze- 
brook,  C.B.,  F.R.S.,  Director  of  the 
National  Physical  Larboratory  (Chair- 
man) ;    Mr.  Leon  Caster,  Prof.  Francis 


Cotch,  D.Sc,  F.R.S.,  Mr.  J.  Herbert 
Parsons,  M.B.,  D.Sc,  F.R.C.S..  Mr. 
W.  C.  D  Whctham,  F.R.S..  and  Sir 
Arthur  Whitelegge,  K.C.B.,  Chief  In- 
spector of  Factories.  The  Secretaries 
of  the  Committee  are  :  Mr.  1).  R. 
Wilson,  one  of  his  Majesty's  Insi)ectors 
of  Factories,  and  Mr.  C.  C  Patcrson, 
M.I.M.E.,  A.M.I.C.E.,  of  the  National 
Physical  Laboratory.  Any  comnumi- 
cations  regarding  the  inquiry  may  be 
addressed  to  Mr.  D.  R.  Wilson  at  the 
Home  Office. 
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Short  Notes  on 
Illuminating  Engineering. 


MODERN  METHODS  OF  ELECTRIC 
WIRING. 

Besides  understanding  the  conditions 
governing  good  illumination,  a  specialist 
in  electric  lighting  installations  should 
be  thoroughly  familiar  with  modern 
methods  of  wiring. 

An  excellent  paper  on  this  subject 
was  read  by  Mr.  Frank  Broadbent 
before  the  Association  of  Engineers-in- 
Charge  on  December  11th.  Mr.  Broad- 
bent  traced  the  development  of  the 
series  and  parallel  systems  from  1874, 
and  showed  how  the  latter  method 
developed  into  the  "  tree  "  and  "  dis- 
tribution ""  sj'stems.  He  also  dealt 
with  jointing  and  looping,  calculation 
of  size  of  conductors,  types  of  cable 
and  tubing,  earthing,  and  many  other 
debatable  matters. 

We  commend  it  to  the  notice  of 
those  desiring  a  concise  account  of  the 
chief  points  to  be  considered  in  modern 
electric  wiring. 

DO    NOT   READ    IN    BED. 

Few  people  realize  (says  The  Academy) 
how  pernicious  is  the  habit  of  reading 
in  bed.  It  is  said  to  be  a  fertile  source 
of  colds  and  sore  throats,  and  is  also 
injurious  to  the  eyes  ;  even  a  portable, 
well-shaded  electric  lamp  does  not 
always  obviate  the  possibility  of  defects 
of  vision  being  developed  in  this  way. 


All  conditions  are  sacrificed  to  the 
desire  for  a  comfortable  posture  of  the 
bod}^  with  the  result  that  a  bad  posi- 
tion for  reading  is  frequently  adopted. 
IVIoreover,  most  people  already  use 
their  eyes  too  much  for  close  work 
during  the  daytime  ;  they  should, 
therefore,  be  cautious  in  continuing 
the  strain  by  night. 

It  need  not  be  said_that  reading  in 
bed  by  the  light  from  an  open  flame 
is  dangerous.  Many  fatal  accidents 
have  arisen  through  the  reader  drop- 
ping oif  to  sleep  and  leaving  an  inse- 
curely ])laced  light  burning. 


ILLUMINATING  ENGINEERING  IN 
AUSTRALIA. 

Papers    on   lighting   and   illumination 

are  now  being  delivered  all  over  the 

globe. 

We  notice  that  Mr.  J.  Eck,  who  will 
be  well  known  to  readers  as  a  member 
of  the  Council  of  the  Illuminating 
Engineering  Society,  and  who  is  paying 
a  visit  to  Australia,  delivered  a  lecture 
on  '  Indirect  Arc  Lighting  '  before  the 
Victorian  Institute  of  Electrical  Engi- 
neers in  Melbourne,  on  December  3rd, 
1912. 

It  is  interesting  to  observe  that  our 
friends  in  Australia  are  also  not  with- 
out enterprise  in  matters  connected  witli 
illumination. 
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FIRELIGHT  AND    ELECTRIC    LIGHT. 

These  tAvo  photographs,  Avhich  A\'ere 
shown  at  a  recent  meeting  of  the 
lUuminating  Engineering  Society  by 
Messrs.  DoAV  and  Mackinney,  ilhistrate 
the  very  striking  difference  between 
the  okl  ilhiniination  and  the  new — 
firelight  and  electric  light. 

The  first  photograph  shows  the 
flickering,  badly  distributed,  but  yet 
"  cosy  "  illumination  from  a  l)anked- 
up  coal  fire.  The  second  photograpli 
was  taken  in  a  room  lighted  by  a 
tungsten  lamp  and  Holophane  semi- 
indirect  unit.  The  diffusion  of  the 
light  in  all  directions,  juaking  reading 
quite  easy  in  an}^  part  of  the  room,  is 
in  marked  contrast  with  the  firelight. 

Our  modern  strenuous  life,  recpiiring 
us  to  read,  AAork,  and  entertain  in  the 
evening,  demands  an  order  of  illu- 
mination vastly  greater  than  that 
accepted  a  generation  ago,  when  people 
were  content  to  rest  and  chat  round 
the  fireside. 


PHOTOGRAPHS    BY    ACETYLENE 
LIGHT. 

As  is  well  known,  it  is  no  easy  matter 
to  take  snapshots  by  artificial  light, 
or  even  portraits,  for  which  a  com- 
paratively long  exposure  is  allowed. 
This  is  partly  due  to  the  lower  actinic 
power  of  artificial  light  as  compared 
with  daylight,  and  partly  to  the  fact 
that  the  brightness  of  daylight  is,  as 
a  rule,  incomparably  greater. 

Some  examples  of  such  photogra])hs 
taken  by  electric  light  are  given  al)ove. 
The  accompanying  illustration  is  of  a 
group  taken  at  night  by  the  light  of  an 
acetylene  flare.  Another  snapshot  by 
acetylene  Avas  given  in  Mr.  Hoddle's 
recent  paper  (p.  73)  before  the  Illu- 
minating Engineering  Society. 


Co?y  illiniiination  from  a  hnnked-uii 


Fig.  2.— Room  lii^'hted  by  Tunc 
Holophane  seiiii-iiidirect  unit. 


jtcn  lamp  and 


t^napshofc  taken  at   night  by  the  b'ght  of  an 
acetylene  Hare. 
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ILLUMINATION  AND  PHOTOMETRY. 

A  nimiber  of  journals  celebrate  tlie 
new  year  by  publishing  general  articles 
on  tln>  development  of  Illumination 
during  1912.  The  contribution  by  L.  B. 
Mabks  on  this  subject  (Elec.  IVorhl, 
Jan.  4)  refers  to  the  develoiJment  of 
interest  in  factory  lighting  on  the  part 
of  authorities  and  tlie  i^robability  of 
fortliconiing  legislation  on  this  jioint. 
He  .also  points  to  the  formation  of  a 
CJerman  Illuminating  Society  as  one  of 
the  most  important  events  during  the 
year.  The  Zeitschrijt  fiir  Beleuchtungs- 
weseti  (.Jan.  10)  has  also  a  readable  con- 
tribution on  progress  in  ilhuninants. 
P.  S.  MiLLAK.  in  a  recent  paper  before 
the  National  Electric  Light  Association, 
deals  with  lighting  problems  in  a  general 
way.  and  adopts  an  ingenious  n:iethod  of 
demonstrating  the  distinction  between 
good  and  bad  lighting.  He  j^repares  a 
series  of  boxes,  and  fits  them  uji  with 
toy  furniture,  miniature  light  units, 
and  even  dolls,  to  represent  figures 
engaged  in  reading  and  writing.  In  this 
way  the  chief  characteristics  of  direct, 
indirect,  and  semi-indirect  lighting  can 
be  readily  shown,  and  the  right  and 
wrong  positions  for  reading  demon- 
strated. 

Good  Lighting  contains  several  inter- 
esting illustrated  articles.  That  by  Godi- 
NEZ  deals  with  the  Lighting  of  the 
Home  in  a  popular  fasliion.  Another 
contribution  describes  a,  collection  of 
old  lamps  and  lighting  appliances  in 
Dresden. 

Ka.jet  {Licht  laid  Lampe,  Dec.  19) 
discusses  various  kinds  of  searchlight 
lamps  for  Illuminating  Building  Work 
by  Night  ;  he  a.lso  illustrates  various 
modern  types  of  high  candle-power 
street  lighting  fittings  which  contain 
several  timgsten  lamps  in  the  same 
lantern. 

Turning  next  to  Photometry,  we  may 
note  the  general  survey  by  Ive.s  (Elec. 
World,  Jan.  4),  wlio  regards  the  vindica- 
tion of  the  value  of  the  flicker  photo- 
meter for  comparing  lights  of  different 
colours   as   one    of   the   most    interesting 


events.  It  may  be  noted,  however,  that 
the  author's  results  still  await  confirma- 
tion by  other  observers.  H.  Kruss 
(Z./.Z?.,'  Dec.  30)  describes  a  number 
of  new  forms  of  photometers,  including 
a  form  of  Lummer-Brodlum  equipped 
for  binocular  vision.  He  also  describes 
a  variation  of  the  ordinary  rotating 
sector  device.  If  the  sector  is  rotated, 
there  is  always  the  difficulty  that  it  is 
inconvenient  to  adjust  the  exposed 
apertiu"e  exactly  while  the  apparatus  is 
in  motion.  Ivriiss  therefore  keeps  the 
sector  still,  and  rotates  the  beam  of 
light  by  means  of  a  couple  of  Fresnel 
prisms. 

Finally,  reference  may  be  made  to 
the  study,  by  Blondel  and  Rey  {T.I.E.S., 
Nov.,  1912),  of  the  time  taken  to  per- 
ceive lights  of  short  duration — a  problem 
that  has  an  important  bearing  on  the 
observation  of  distant  flashing  lights  at 
sea. 

ELECTRIC    LIGHTING. 

There  is  little  to  record  in  this  section. 
P.  S.  Millar  contributes  a  general  sum- 
mary of  progress  {Elec.  World,  Jan.  4), 
and  there  is  a  similar  article  in  The  Elec- 
trical Review  and  Western  Electrician. 
A.  Lederer  contributes  an  imusually 
complete  study  of  the  Tungsten  Lamp. 
the  underlying  physical  phenomena  and 
the  jjossibilities  of  improvement  in  the 
futm-e  [Elek.  u.  Masch.,  Dec.  29).  The 
i^lectricien  for  Jan.  18th  contains  an 
accoimt  of  a  new  form  of  small  carbon 
filament  lamp,  with  a  specially  shaped 
mirrored  bulb  for  producing  a  very 
concentrated  beam.  The  Electrical  Re- 
vieiv  and  Western  Electrician  deals  with 
electric  hotel  lighting,  the  great  majority 
of  exaipples  given  being  by  indirect 
methods. 

GAS,  OIL,  AND  ACETYLENE   LIGHTING. 

C.  R.  Bond  {Am.  Gaslight  Jo7irnal, 
Dec.  .30)  has  prepared  the  usual  annual 
review  for  the  American  Gas  Institute 
of  the  Photometry  of  Gas  Lamps.  An 
interesting  j^reliminary  item  is  their 
classification  according  to  candle-power. 
He  also  makes  suggestions  as  to  how  the 
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results  of  tosts  should.  Iio  ta.bulalod  a,iirl 
arranged. 

W.  Zachert  (J./.r/..  Jan.  4.  1  ] )  dis- 
cusses tlie  plienoniena  underlying  tli(! 
liighly  efficient  incandescent  lamps  of 
to-day.  The  chief  point  on  which  ho 
lays  stress  is  the  importance  of  a  sliort. 
condensed  flame,  better  results  being 
almost  invariably  obtained  with  small, 
compact  mantles.  Stavortnus  (J.f.O., 
Dec.  28)  describes  the  work  of  a  fii*m  in 
Arnheim.   responsible   for   the   design    of 


artistic  and  imitation  antique  gas  fit- 
tings. Old  French  and  Dutch  designs 
unci  candles  can  be  successfully  copied, 
ii.nd  a.  sj)cci;il  form  of  piping  in  the  form 
of  a  square  chain  is  much  employed. 

Among  other  events  of  interest  we 
may  note  the  announcement  of  the 
formation  of  a  petrol  air-gas  association, 
by  the  aid  of  which  it  is  hoped  more 
trustworthy  data  regarding  the  per- 
formanc3s  of  pc^trol  air-gas  plants  will 
be  collected. 
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TWO    12  IN.    TO    16   IN.    ELECTRIC    SEARCHLIOHTS    FOR    YACHT. 

Mangin    Lenses    required.       Must    b(^    in    good    working    oider.       Write    Box   160, 
T.  B.  Browne's  Advertising  Oilices,    16.'?,  Queen  Victoria  Street,  London, 
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REVIEWS    OF    BOOKS. 


The  Science  of  Illumination.  By  Dr.  L. 
Block.  Translated  by  W.  C.  Cijnton, 
B.Sc,  A.M.I.E.E.      (Jolin  Murray,  1912, 

6/ net.) 
Mr.  W.  C.  Clinton  has  undertaken  a 
translation  of  Dr.  Block's  well-known 
work  ('  Grundziige  der  Beleuchtungs- 
technik  '),  also  bringing  the  book  up 
to  date  by  the  addition  of  supplementary 
information  on  events  that  have  taken 
place  since  its  first  apjDearance. 

The  translation  has  been  imdertaken 
in  a  painstaking  mann.er.  and  the  book 
has  also  gained  in  value  for  English 
readers  by  the  added  matter  relating 
to  information  published  in  this  country, 
and  making  the  work  less  strictly  Conti- 
nental in  its  scope. 

The  contents  of  Dr.  Bloch's  book  will 
be  familiar  to  readers  of  this  Journal. 
The  first  chajiter  deals  with  fundamental 
units,  and  in  chap.  ii.  a  useful  and  ui^-to- 
date  summary  of  methods  of  determining 
mean  spherical  candle-power  is  given. 
Calculations  of  illumination  are  next 
dealt  with  somewhat  fully,  some  service- 
able examples  of  estimates  of  indoor  and 


outdoor  illumination  being  reproduced. 
The  chapter  on  illumination  photometers 
is  considerably  extended,  reference  being 
made  to  Trotters  well-known  work  and 
to  various  forms  of  instruments  recently 
introduced  in  this  country.  Street  light- 
ing measurements  receive  special  atten- 
tion, and  it  may  be  noted,  in  view  of  the 
discussion  now  taking  place  on  this 
subject,  that  measurement  of  horizontal 
illumination  is  advocated.  The  tabular 
data  based  on  actual  indoor  and  outdoor 
installations  are  ]5articularly  useful. 

Indirect  lighting  receives  a  si^ecial 
chapter.  Very  little  information  is  avail- 
able relating  to  calculations  for  indirect 
installations,  and  the  formulae  given  by 
Dr.  Bloch  for  estimating  surface  bright- 
ness and  the  influence  of  reflecting  power 
of  walls  and  ceilings  deserve  study  ;  here 
again  there  is  some  valuable  tabulated 
data  referring  to  gas  and  electric 
indirect  lighting  installations  in  Germany. 

The  Appendix  contains  a  series  of 
concise  tables,  values  of  illumination 
being  expressed  side  by  side  in  lux 
and  foot-candles. 


Some  Publications  Received. 

Transactions  of  the  Institution  of  Oas  Engineers  (1912). — As  usual,  this  contains 
an  interesting  \ariety  of  papers.  There  is,  however,  not  much  connected  with  illu- 
mination. 

Proceedings  of  the  Physical  Society  of  London  (Vol.  XXIV.  Part  VI.)  contains  a 
number  of  i^ajjers  read  at  the  joint  meeting  with  the  Optical  Convention  last  June. 
Many  of  tlie.se  deal  with  light  and  illumination. 

Beporl  of  tJie  British  Association  for  the  Advancement  of  Science  on  the  Influence  of 
School-Books  upon  Eyesight — Makes  a  ninnber  of  recommendations  as  to  hygienic 
requirements  with  which  school-books  should  conform.  A  tyiDographical  table  is 
given  containing  specimens  of  the  type  recommended  for  the  use  of  children  of  different 
ages. 

Le  Choir  d'tin  Eclairage  dans  les  petifes  Villes  et  a  la  Catyipagne  :  Lettres  a  un  Ami. — 
A  very  ingenious  booklet  containing  "  correspondence  "'  on  private-house  lighting, 
and  advocating  the  claims  of  acetylene. 

Abstract- Bulletin  of  the  Physical  Laboratory  of  the  National  Electric  Lamp  Associa- 
tion (Cleveland.  Ohio,  U.S.A.). — This  is  the  first  volume  is,sued  imder  the  supervision 
of  Dr.  E.  P.  Hyde,  and  contains  a  variety  of  jiapers  on  the  .scientific  aspects  of  photo- 
metry and  illumination,  previously  j^ublished  in  various  journals,  and  now  collected 
together. 

Colour  and  Light  in.  relation  to  Miners'  Nystagmus.  By  Dr.  H.  S.  Elworthy, 
F.R.C.S.     (Reprinted  from  The  Ophthalmoscope.) 

Colour  Adaptation,  by  Dr.  F.  W.  Edridge  Green.  M.D.,  F.R.C.S.  Paper  read  before 
the  Royal  Society.  January  2.3rd.  1913. 

Notice  of  the  Fifty-Fifth  Course  of  Lectures  and  Demonstrations  for  Sanitary 
Officers  of  the  Royal  Sanitary  Iw^titute. — A  very  comprehensive  course,  but  we  observe 
that  illiunination  is  apparently  not  included  in  the  Syllabus. 
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TRADE    NOTES. 


[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


Street   Lighting   Progress   in 
Farnworth. 

Ditring  the  last  two  months  the  electric 
light mg  of  the  main  streets  in  Farnworth 
has  been  undergoing  com2:>lete  alterations. 
After  exhaustive  tests  and  experiments, 
it  has  been  decided  to  adopt  two  300  c.-p. 
Osram  drawn-wire  lamps  of  220  volts, 
in  place  of  each  of  the  lO-ampere  arc 
lamjis  formerly  used,  and  to  fix  them  to 
the  same  poles  by  mean  of  a  two-armed 
bracket  having  a  projection  of  some 
36  in.  from  the  pole,  and  being  fastened  to 
it  by  cast-iron  clamps. 

The  lamps  are  now  arranged  at  a 
height  of  20  ft.,  centre  of  the  lam}}  tc> 
ground.  The  Osram  lamj^s  used  are 
j)rovided  with  suitable  reflectors.  The 
whole  lighting  scheme  has  been  designed 
by  Mr.  Hutchinson,  the  engineer,  and 
the  lamps  and  fittings  have  been  su])plied 
by  tlie  Manchester  brancli  of  The  General 
Electric  Co.,  Ltd.  All  the  former  feeders 
have  been  utilized.  The  switches  in 
connexion  with  the  new  system  are  of 
Messrs.  Dorman  &  Smith's  manufacture. 
The  new  illumination  has  proved  to  be 
highly  efficient  in  every  respect,  and  the 
lighting  ]:)roblem  of  this  town  has  been 
solved — for  some  time,  at  least. 


"Alabas"  Bowls  for  Semi-Indirect 
Lighting. 

One  of  the  latest  types  of  semi-indirect 
lighting  introduced  by  the  British  Thom- 
son-Houston Co.  is  by  means  of  "  Ala- 
bas  "  bowls,  some  examples  of  which  are 
shown  in  the  illustration. 


Change  of  Address. 

From  January  1st,  1913,  the  l)iisiiK'ss 
of  Norden's  &  CJeneral  rncandescciit  Co.. 
Ltd., has  been  acquired  by, and  transferred 
to.  The  New  Sunlight  incandescent  Co. 
(1900),  Ltd.,  oi  Mi,  (hay's  Inn  Jload, 
King's  Cross,  London,  W.C.,  wlio  now 
carry  on  the  same,  and  execute  all 
pending  and  futiu'e  orders  from  the  above 
address. 

All  outstanding  accounts  due  may  bo 
sent  either  to  this  address  or  to  the  New 
Sunlight  Co.  direct. 


A  variety  of  these  units  are  on  view  at 
the  Comi)aiiy's  showrooms.  Unlighted, 
they  ajipoar  as  if  cut  out  of  st)hd 
blocks  of  Italian  marble;  when  lighted, 
they  apjiear  equally  and  mildly  luminous 
all  over,  gi^•i^g  a  most  charming  effect, 
and  yet  ))eing  a  most  efficient  form  of 
semi-indii-ect  lighting. 
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B.T.H.  Theatre  Dimmers. 

The  figure  shows  one  of  the  B.T.H. 
nietalhc  theatre  dimmers.  Ordinary 
Hquid  dimmers  require  constant  atten- 
tion and  are  costly  to  maintain  ;  metalhc 
resistances,  besides  being  more  compact, 
work  more  smoothly  and  noiselessly,  and 
require  less  attention  than  liquid  ones. 


The  B.T.H.  dimmer  can  be  oi)erated 
very  easily,  even  by  a  novice.  They  are 
built  up  in  standard  plates,  somewhat 
like  an  adjustable  bookcase,  and  can  be 
made  in  two  distinct  types — to  mount 
either  fiat  against,  or  at  riglit  angles  to, 
the  switchboard. 

Fuller  information  can  be  obtained 
from  the  British  Thomson-Houston  Co., 
Lam]i  and  Wiring  Supj^lies  Department, 
Mazda  House,  77,  Uiiper  Thames  Street, 
E.G. 


Mazda  Lamps  for  Stage  Lighting 
Unrehearsed  Vibration  Tests. 

From  theatre  tlimmers  to  Mazda  lani2)s 
for  stage  lighting  is  a  natural  transition. 
It  is  rei)orted  that,  at  the  Theatre  Koyal, 
Elephant  and  Castle,  an  iron  frame 
containing  eighty-eight  drawn-wire  lamj^s 
was  accidentally  allowed  to  drop  about 
10  ft.  Yet  only  one  bulb  and  seven  fila- 
naents  were  broken.  A  some\\'hat  similar 
accident  occurred  a  few  months  ago  at 
the  Prince  of  Waless  Theatre — the  only 
difference  was  that  in  this  case  no  lamps 
were  injured. 


Yet  another  stage  department  in 
which  the  Bi'itish  Thomson-Houston  Co. 
is  interested  is  the  use  of  arc  lamps  for 
tlie  production  of  scenic  effects  ;  for 
this  purpose  the  B.T.H.  Lens  arc  lamps 
are  exceptionally  suited. 


"Ruralux"  Petrol  Air-Gas 
Plant. 

We  have  received  an  attractively  got- 
up  pamphlet  describing  the  "  Ruralux  "' 
Petrol  Air-Gas  System  (Petrol  Gas  Plant 
&  Engineering  Co.,  19,  Marsham  Street, 
Westminster,  S.W.).  The  illustrations  are 
distinctly  effective. 

The  plant  is  claimed  to  be  exceptionally 
compact,  and  it  is  added  that  the  rich- 
ness of  the  gas  can  be  adjusted  so  that 
either  800  or  1,200  cubic  feet  of  gas  can 
be  made  from  1  gallon  of  petrol. 

It  is  interesting,  in  view  of  the  discus- 
sion elsewhere  in  this  number,  to  note 
that  light  petrol  is  used  :  "  For  although 
by  artificially  heating  the  carburettor 
it  may  be  possible  to  use  a  somewhat 
heavier  spirit,  there  is  a  tendency  for 
the  heavier  hydrocarbons  to  condense  in 
the  ]3ipes,  especially  diu-ing  cold  weather." 

We  note  that  vertical,  inverted,  and 
"  horizontal  inverted "  burners  are  all 
listed,  inverted  burners  giving  from 
20-100  c.-p.  being  available. 

Messrs.  Falk,  Stadelmann  &  Co.,  Ltd. 

(83-87,  Farringdon  Road,  London,  E.G.). 
— Catalogue  of  Fittings  and  Accessories 
for  petrol  air-gas,  comprising  brackets, 
candelabras,  pendants,  table  standards, 
&c. 

There  is  no  doubt  that  the  aj^paratus 
for  distributing  the  light  from  petrol 
air-gas  mantles  is  an  important  item — 
somethnes  even  as  much  so  as  the  light 
itself.  Not  only  the  utility  of  a  light, 
but  the  impression  as  to  its  artistic 
api)earance  dei^ends  very  greatly  on  the 
form  of  shade  or  fixture  employed.  Any 
one  interested  can  obtain  a  copy  of  this 
list,  free,  on  aijplication. 

Battersea   Polytechnic. 

Lectures  on  Electric  Li(jhtuuj  and  Illu- 
mination. 

A  couRSK  of  lectm-es — to  take  place 
on  Wednesdays,  8.30-9.30  p.m. — on  this 
subject,  by  Prof.  A.  W.  Ashton, 
commenced  at  Battersea  Polytechnic  on 
Jan.  15th.  The  course  deals  Mith  elec- 
tric ilhuninants,  measurements  of  light, 
and  illumination  in  general. 

This  course  is  suitable  for  students  who 
have  already  taken  the  second  year 
(Part  I.)  Course  of  Electrical  Engineering, 
or  have  a  sufficient  knowledge  of  the 
subjects  included  in  that  coiu'se.  The 
lectures  will  be  found  to  be  extremely 
useful  to  all  engaged  on  the  "  lighting  " 
side  of  electrical  engineering. 

Further  [)articulars  can  be  obtained 
from  the  Secretary,  Mr.  J.  Harwood. 
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EDITORIAL. 


The  Annual  Dinner  of  the  Illuminating  Engineering  Society. 

An  account  of  the  Annual  Dinner  of  the  IHuminating  Engi- 
neering Society  held  on  Monday,  February  loth,  will  be  found  on 
pp.  155-161. 

It  only  needs  to  be  said  that  the  dinner  was  highly  successful, 
and  that  the  occasion  served  to  mark  the  growing  vitality  and 
influence  of  the  Society.  The  attendance  showed  a  considerable 
increase  over  that  at  the  dinner  in  1912,  and  the  Society  was 
fortunate  in  securing  the  presence  of  a  number  of  distinguished 
guests. 

The  appointment  by  the  Home  Secretary  of  a  special  Com- 
mittee on  Industrial  Lighting  was  naturally  the  subject  of  fre- 
quent reference,  and  Sir  Arthur  Whitelegge  (H.M.  Chief  Inspector 
of  Factories),  who  was  present  as  a  guest,  made  a  kindly  reference 
to  the  value  of  the  work  our  Society  is  doing. 

Prof.  Silvanus  P.  Thompson,  in  his  reply  to  the  toast  of  the 
"  Illuminating  Engineering  Society,"  pointed  out  the  great  value 
of  its  international  connexion.  There  are  now  in  existence  three 
Illuminating  Engineering  Societies  in  England,  Germany,  and  the 
United  States  ;  and  we  expect  to  see  similar  bodies  in  other 
countries  before  long.     Our  relations  with  these  societies  arc  of  a 
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most  friendly  nature,  and  provision  has  already  been  made  for 
effective  co-operation. 

Illumination  is  a  new  subject,  and  will  benefit  immensely 
from  international  agreement  in  the  early  stages.  Other  and 
older  professions  than  illuminating  engineering  are  apt,  when 
framing  recommendations,  to  find  themselves  occasionally  "  up 
against  "  the  dead  weight  of  accumulated  tradition.  But  in 
illuminating  engineering  we  have  still  to  formulate  our  rules  and 
precepts,  and  we  are  therefore  taking  precautions  to  frame  them 
in  such  a  way  as  to  meet  requirements  all  the  world  over. 

The  Use  of  Shades  and  Reflectors. 

The  paper  read  by  Messrs.  J.  G.  Clark  and  V.  H.  Mackinney 
before  the  Illuminating  Engineering  Society  on  February  i8th 
will  be  found  on  pp.  125-134. 

The  authors  have  wisely  only  attempted  to  cover  the  ground 
in  a  very  general  manner,  stating  the  chief  functions  of  shades  and 
reflectors,  and  giving  some  examples  of  their  use  and  misuse.  This 
alone  provided  ample  material  for  discussion. 

In  the  relative  importance  attached  by  different  speakers  to 
the  various  functions  of  a  shade  in  this  discussion  one  could  clearly 
trace  the  influence  of  individuality.  Some  people  appear  to  regard 
a  shade  as  serving  the  exclusive  purpose  of  screening  the  newer 
sources  of  high  intrinsic  brilliancy  from  the  eye.  Others  are  chiefly 
struck  by  the  value  of  shades  and  reflectors  as  a  means  of  directing 
the  light  where  it  can  be  most  usefully  employed. 

The  truth  usually  lies  midway  between  these  two  views.  A 
properly  designed  reflector  should  answer  both  purposes.  On 
the  other  hand,  it  will  be  conceded  that  in  private  house  lighting, 
in  the  drawing-room,  for  example,  the  use  of  shades  in  order 
to  soften  the  light  and  produce  a  restful  effect,  and  as  decorative 
objects,  is  probably  more  important  than  the  question  of  economy  ; 
and  so  long  as  there  is  enough  illumination  in  the  room  for 
ordinary  purposes,  we  do  not  trouble  if  there  is  a  certain  loss  of 
light  as  well.  But  in  the  lighting  of  offices,  factories,  banks,  &c., 
the  questions  of  efficiency  and  economy  are  all  important,  and 
the  directive  power  of  a  reflector  is  one  of  its  most  valuable 
qualifications. 

Reference  is  often  made  to  the  glaring  effect  of  metallic 
filaments.  We  hold  that  incandescent  mantles  also  require 
appropriate  shading.  But  it  will  be  admitted  that  the  rapid 
development  of  metal  filament  lamps  has  led  to  a  great  many 
examples  of  bad  shading,  and  for  the  following  reason  :  a  very 
large  proportion  of  the  shades  at  present  in  use  were  designed  for 
use  with  the  smaller  sized  carbon  filament  lamps.  They  were 
therefore  quite  unsuited  to  the  much  longer  bulbs  of  metal  filament 
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lamps,  which  projected  out  in  an  unsightly,  not  to  say  ludicrous 
manner.  This  instance  only  serves  to  illustrate  the  result  of  the 
present  lack  of  co-operation  between  the  manufacturers  of  shades 
and  lamps  respectively.  Had  there  been  proper  co-operation 
from  the  start,  much  of  the  outcry  against  the  glare  of  the 
metal  filament  lamps  might  have  been  avoided.  The  time  is 
coming  when  the  lamps  and  shade  will  be  regarded  as  "  one  unit," 
and  no  one  will  consider  the  source  of  light  to  be  employed  without 
also  thinking  what  form  of  shade  he  will  use  with  it. 

It  need  scarcely  be  said  that  only  the  fringe  of  this  subject 
has  been  touched  as  yet.  There  are  many  complicated  technical 
problems  connected  with  the  design  of  globes,  shades,  and  re- 
flectors, such  as  the  absorbing  and  diffusing  qualities  of  different 
materials  employed  in  the  manufacture  of  shades,  the  shaping  of 
reflectors  to  give  a  certain  distribution  of  light,  &c.,  that  have 
still  to  be  considered.  These  will  no  doubt  provide  abundant 
material  for  discussion  at  future  meetings  of  the  Society. 

Illumination  and  Miner's  Nystagmus. 

It  will  be  recalled  that  in  a  recent  number  of  this  journal* 
we  drew  attention  to  a  valuable  paper  by  Dr.  Llewellyn  on  the 
above  subject.  The  general  conclusions  reached  are  in  agreement 
with  those  reached  by  Dr.  Ellworthy  and  reported  at  the  Oph- 
thalmic Congress  at  Oxford  this  year.  In  both  cases  statistical 
inquiries  were  supplemented  by  actual  measurements  of  illumina- 
tion in  the  mines  examined,  and  it  was  found  that  nystagmus  was 
apparently  much  more  prevalent  in  those  mines  in  which  old- 
fashioned  and  inadequate  forms  of  lamps  were  employed  and  the 
surroundings  were  exceptionally  gloomy. 

Dr.  F.  W.  Edridge-Green  (see  p.  122)  now  comes  forward  with 
an  explanation  why  this  nervous  disease  of  eyesight  should  be 
accentuated  by  poor  illumination.  It  seems  that  at  very  feeble 
illumination  the  eye  is  in  a  state  of  unstable  equilibrium.  Fluc- 
tuations take  place  in  the  distribution  of  visual  purple.  The 
central  region  of  the  retina  (under  normal  conditions  the  part 
where  vision  is  most  acute)  is  practically  blind.  This  naturally 
leads  to  a  more  or  less  oblique  method  of  looking  at  things,  and 
the  unstable  condition  of  the  retina  is  apt  to  give  rise  to  a  curious 
"  wobling"  sensation  when  an  attempt  is  made  to  fix  the  gaze 
on  any  particular  point.  The  important  thing  now  seems  to  be 
to  ascertain  the  minimum  illumination  needed  in  order  to  avoid 
these  peculiar  conditions.  The  researches  of  Dr.  Llewellyn  and 
Dr.  Ellworthy  have  thrown  valuable  light  on  the  subject,  but  some 
more  precise  recommendations  seem  to  be  needed.  The  problem 
is  one  that  requires  the  joint  efforts  of  the  physiologist  of  the 
photometric  expert. 

*  Dec,   1912,   p.  540.  ~~ 
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Two  Important  Forthcoming  Meetings  of  the  Illuminating 
Engineering   Society. 

On  p.  124  will  be  found  an  official  announcement  of  the  sub- 
jects to  be  considered  at  the  next  two  meetings  of  the  Illuminating 
Engineering  Society,  which  should  be  of  exceptional  interest. 

On  Tuesday,  March  nth,  Mr.  W.  J.  Liberty  will  deliver  a 
lecture  deahng  with  the  '  History  of  Gas  Lighting  in  this 
country.'  This  subject  was  selected  in  view  of  the  present 
year  being  officially  celebrated  as  the  centenary  of  gas  supph^ 
and  the  jubilee  of  the  Institution  of  Gas  Engineers.  It 
is  expected  that  the  lecture  will  be  accompanied  by  many  illustra- 
tions and  exhibits  of  historic  interest.  It  is  well  now  and 
then  to  pause  and  review  progress  in  methods  of  hghting,  the 
influence  of  which  on  the  social  progress  of  the  century, 
has  been  most  striking.  The  lecture,  therefore,  is  one  that 
should  appeal  strongly  to  members  of  our  Society,  and  it  is 
also  naturally  of  special  interest  to  the  gas  industry.  The  Society 
has  therefore  issued  a  special  invitation  to  the  members  of  the 
Institution  of  Gas  Engineers  to  be  present. 

It  will  be  recalled  that  the  gas  centenary  is  also  to  be  cele- 
brated by  an  exhibition  to  be  held  at  Shepherd's  Bush  next 
October,  and  we  understand  that  the  treatment  of  illumination 
will  form  a  special  feature.  We  hope  that  all  our  gas  members 
will  take  advantage  of  the  occasion,  and  do  their  best  to  make 
this  exhibition  a  successful  and  instructive  one. 

At  the  subsequent  meeting  to  be  held  on  April  15th  a  paper 
will  be  read  by  Mr.  A.  P.  Trotter  dealing  with  '  Standard  Clauses 
to  be  included  in  a  Specification  of  Street  Lighting.'  Readers  are 
aware  that  this  draft  specification  has  been  prepared  by  a  joint 
committee  representing  the  Illuminating  Engineering  Society, 
the  Institutions  of  Gas  and  Electrical  Engineers,  and  the  Institu- 
tion of  County  and  Municipal  Engineers,  and  the  meeting  on 
April  15th  will  be  a  joint  meeting  at  which  these  various  bodies 
will  be  represented. 

When  the  committee  was  first  formed  the  hope  was  expressed 
that  the  results  of  their  labours  might  be  discussed  on  the  impartial 
platform  afforded  by  the  Illuminating  Engineering  Society.  We 
desire  to  express  our  appreciation  of  the  great  compliment  that 
has  been  paid  to  our  Society  in  recognizing  its  platform  as  the 
most  suitable  for  the  purpose  of  bringing  about  a  closer  co-operation 
between  the  above-named  bodies  ;  and  for  arriving  at  a  satis- 
factory solution  of  this  most  important  question  of  the  best 
methods  of  testing  and  specifying  street  lighting. 

Leon  Gaster. 
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The  Editor  while  not  soliciting  contributions,  is  willing  to  consider  the  publication 
of  original  articles  submitted  to  him,  or  letters  intended  for  inchcsion  in  the 
correspondence  columns  of '  The  Illuminating  Engineer.' 

The  Editor  does   not  necessarily  identify   himself  with  the  opinions  expressed 
by  his  contributors. 

The  Purkinje  Effect  and   a  Comparison  of  the  Flicker   and 
Equality  of  Brightness  Photometers. 

By  M.  Luckiesh. 


With  the  increasing  cliversitj^  of  types 
of  light  sources  the  demand  for  a  means 
of  comparing  hghts  of  different  colour 
is     constantly     growing.     Recent     in- 
vestigations in  heterochromatic  photo- 
metry indicate  the  flicker  photometer 
as  the  best  means  for  such  work,  al- 
though there  is  not  a  complete  agree- 
ment   on    some    of    the    phenomena 
encountered  when  comparing  lights  of 
different     colour.      Dow*     found     the 
Purldnje    effect    to    be    less    with    the 
flicker  method  than  with  the  equalit}'^ 
of     brightness     method ;     while    Ivesf 
found  a  reversed  Purkinje  effect  \\dth 
the  former  method.     IMillarj:  in  photo- 
metering    a    mercury    arc    against    in- 
candescent   lamps    reported    that    the 
former    measured    mucli    brighter    at 
lower    illuminations    than    would    be 
indicated    if    the    inverse    square    law 
rigidly  held.     With  the  fUcker  method 
this  effect  was  absent.     It  seemed  of 
interest  to  test  this  point  Avith  a  com- 
mercial   fhcker    photometer    at    hand, 
and  at  the  same  time  make  comparisons 
with  an  equality  of  brightness  photo- 
meter both  with  contrast  and  without. 
At  the  same  time  it  was  desirable  to 
compare  the  sensibilities  of  the  three 
methods.     For  this  jnirpose  a  Marten's 
flicker  photometer  Avas  chosen.  A  simple 
photometer  Avhich  is   fitted  Avitli   con- 
trast screens  was  chosen  for  tlie  direct 
comparison  of  brightnesses.     Both  in- 
struments were  made  by  Schmidt  and 
Haensch.     The   sources    of   liglit   were 
tungsten  lamps,  and  a  red  and  a  bluish- 
green  screen  were  placed  on   the    two 

*    Dow,  Phil.  Mag.,  Jan.,  1910,  p.  m. 
t    Ives,  Phil.  Mag.,  July,  1912,  p.  149. 
Millar,  Trans,  ill.  Eng.  Soc,  Nov.,  1909,  p.  179. 


sides  of  the  photometer  respectively. 
Two  observers  carried  out  parallel  sets 
of  observations  throughout,  the  ordin- 
ary precautions  being  taken  against 
prejudiced  settings.  The  tAvo  observers 
checked  identically  Avith  all  three 
methods  AA^ien  balancing  hghts  of  the 
same  colour. 

The  results  are  plotted  on  a  scale  of 
illumination  Avhich  Avas  calculated  on 
the    assumption    that    the    red    hght 
obeyed  the  inverse  square  laAV.     This, 
of  course.,  is  not  true,  but  no  better 
method  presented  itself,  and  the  effect 
is  merely  to  either  elongate  or  telescope 
the  scale  someA\'hat  at  the  Ioav  values 
of    illumination.     The    values    of    illu- 
mination are  those  on  the  photometer 
screen,  calculated  from  the  value  ob- 
tained at  a  high  illumination,  Avhen  the 
red  light  Avas  balanced  against  a  stan- 
dard tungsten  lamp  by  means  of  a  flicker 
pliotometer.     The    actual   illumination 
on    the    eye    Avas    of    less    importance, 
because  commercial  photometers  Averc 
used    Avithout    alteration,    making    it 
easy  to  reproduce  the  same  conditions 
in  practice.     The  field  size,  Avhich  is  of 
vast    importance     in    heterochromatic 
photometry,  A\as  practically  the  same  in 
botli  pliotometers  —  about  ten  degrees. 
The  field  in  the  Marten's  fiicker  photo- 
meter consists  of  an  inner  circle  sur- 
rounded by  a  circular  ring,  Avhile  the 
shape   of   the   field  in  the  equality  of 
brightness    photometer    Avas    a    circle 
divided  vertically     The  contrast  screens 
covered  the  upper  and  lower  hah^es  of 
the  semicircles  respectiATly.     The  ratio 
of  the  square   of   tiie   distance  of  the 
"red"    lamp  from    the   fiicker   photo- 
meter screen  to  the  square  of  the  dis- 
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tance  of  the  "  green  "  lamp  is  plotted  as 
ordinates  in  the  tAVo  upper  curves  in 
Fig.  1  for  the  two  observers.  It  is 
significant  to  note  that  the  two  ob- 
servers checked  identically  when  there 
was  no  colour  difference.  Observer 
K  for  a  M-ide  range  of  illuminations 
obtained  a  value  for  the  ratio  R/G, 
about  13  per  cent  higher  than  observer 
L,  even  with  the  fhcker  photometer. 
A  pronounced  reversed  Purkinje  effect 
was  found  for  illuminations  of  the  screen 
less  than  one  meter  candle.  The  lamp 
and  screens  were  reversed  to  eUminate 
any  instrumental  errors.  The  values 
obtained  after  reversal  are  indicated 
by  the  crosses  Avhich  show  a  close  check. 
The    same    ratio    calculated   from    the 
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Fig.  1. —  '"urkinje  effect  and  reversed  Purkinje 
effect  obtained  by  the  equiUity  of  brightness  ami 
flicker  methods  respectively. 

\\'riter's  data,  obtained  with  the  equahty 
of  brightness  photometer,  is  plotted  in 
the  lower  curve.  The  circles  rejDresent 
values  obtained  with  a  contrast  field, 
while  the  dots  represent  tlie  values 
obtained  without  contrast.  It  will 
be  noted  that  there  is  a  large  difference 
between  the  values  of  the  ratio  R/G, 
obtained  by  observer  L  by  the  two 
methods.  The  values  obtained  by  the 
equahty  of  brightness  method  (which 
were  practically  the  same  with  a  con- 
trast photometric  field  as  without 
contrast)  was,  for  a  wide  range  of 
illuminations,  only  62  per  cent  of  the 
value  obtained  Avith  tlie  flicker  photo- 
meter. This  difference  illustrates  that 
although  the  fhcker  photometer  offers 




-^ 

•\ 

V 

^-j 





J/ 

'Ifl 

) 

ot. 

4 

V, 

(f 

Ctf 

1 

Ota 

i 

^ 

. 

|iV< 

•lio 

•B' 

9^'A") 

Ckj 

t 

— 

t^ 

' 

/ 

— 

1  1 

a  means  of  eliminating  the  disturbing 
influence  of  colour-difference;  it  does 
not  measure  the  same  quantity  as 
measured  by  the  equahty  of  briglitness 
photometer.  The  researches  of  Ives* 
shoAV,  however,  that  the  fhcker  photo- 
meter wliich  he  used  (a  modification 
of  the  Whitman  disc)  is  more  desirable 
than  the  direct-comparison  photometer. 
The  equahty  of  brightness  observations 
by  observer  K  on  being  plotted  were 
found  to  be  quite  scattered,  but  in- 
dicated a  real  Purkinje  effect.  This 
observer  was  quite  inexperienced  in 
the  photometry  of  lights  of  extreme 
colour-difference,  while  observer  L  has 
had  considerable  experience.  The 
latter's  data  presented  here  checks 
Avith  data  previously  obtained  by  him 
and  presented  by  Ives  in  liis  extensive 
research  in  heterochromatic  photo- 
metry.  The  difference  in  the  flicker 
measurements  by  the  two  observers  was 
first  thought  to  be  due  to  a  different 
criterion  in  each  case.  That  is,  it  was 
found  that  shghtly  different  results 
were  obtained  with  the  fhcker  photo- 
meter used  if  fhcker  was  made  to  dis- 
appear in  the  central  field  or  in  the 
suiTounding  peripheral  ring.  This  was 
found  to  be  so  slight,  however,  that  in 
no  way  could  it  account  for  the  13  per 
cent  difference.  The  flicker  on  the 
outer  ring  was  disturbing,  and  tended 
to  cause  clifficultj"  in  fixation  of  the  eye 
on  the  central  part  of  the  field. 

The  sensibility  of  the  three  methods 
Mas  next  determined.  The  mean  devia- 
tion from  the  mccin  was  computed  for 
the  various  points  of  observation.  These 
are  sufficiently  regular  or  consistent 
for  the  fhcker  method  as  to  bear  plotting, 
and  are  therefore  shown  in  Fig.  2. 
At  an  illumination  of  10  meter  candles 
on  the  photometer  field  the  mean 
deviation  from  the  mean  for  the  writer 
was  about  05  per  cent.  This  rose  to 
about  09  j)er  cent  for  observer  K. 
However,  it  is  a  point  highly  in  favour 
of  the  fhcker  photometer  that  a  com- 
j)arison  of  a  red  light  Avitli  a  blue-green 
one  can  be  made  M'itli  such  small  mean 
deviation  from  the  mean  of  a  number 
of  settings. 

In  the  photometry  of  fights  of  differ- 
ent colour  by  the  equahty  of  brightness 

*  Phil.  Mag.,  1912. 
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method  the  Nmter  has  always  favoured 
a  two-part  field  without  contrast,  but 
had  previously  made  no  determinations 
of  the  sensibihty  of  the  two  methods. 
In  the  comparison  of  lights  of  such 
extreme  colour  difference  as  those 
used  in  this  investigation  there  Mas 
no  consistent  change  of  sensibility 
with  illumination,  so  that  it  seems 
legitimate  to  average  the  sensibilities 
computed  at  the  various  illuminations 
used.  The  average  of  the  mean  devia- 
tion from  the  mean  of  a  large  number  of 
settings  at  each  illumination  was  found 
for  observer  L  to  be  1'9  per  cent  and 
1-6  per  cent  for  photojuetric  fields 
wdth  and  without  contrast  respectively. 
For  observer  K  the  sensibility  was  found 
to  be  29  per  cent  and  33  per  cent 
respectively,  apparently  being  in  favour 
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Fig.  2.— Sensibilit}-  of  the  Flicker  riiotometer. 

of  the  field  with  contrast.  But,  o^ing 
to  the  inexperience  of  o]:)server  K, 
little  M'eight  can  be  given  to  this  result. 
When  there  was  no  colour  difference 
the  fhcker  method  at  15  meter  candles 
gave  results  for  observer  L  Avhich 
sometimes  indicated  a  sensibility  as 
high  as  0-2  per  cent.  Of  course,  under 
the  condition  of  no  colour-difference 
there  is  no  reason  to  use  the  flicker 
photometer,  because  a  sufficiently  higli 
sensibihty  can  be  obtained  Avith  the 
equality  of  brightness  method. 

Comparison  of  the  red  and  blue- 
green  lights  on  various  days  checked 
very  closely  by  means  of  the  flicker 
method.  However,  fairly  close  checks 
were  made  by  the  experienced  ob- 
server from  day  to  day  with  the  equality 
of  brightness  method. 


Summary. 

When  a  red  light  was  compared  with 
a  blue-green  hglit,  a  pronounced  re- 
versed Purkinje  effect  Avas  found  by 
both  obserA'ers  with  the  flicker  method 
for  an  illumination  of  the  photometric 
screen  less  than  one  meter  candle. 
The  illumination  at  Avhich  the  effect  ap- 
23ears  depends,  of  course,  on  the  absorp- 
tion of  the  optical  parts  of  the  photo- 
meter and  the  area  of  the  artificial 
pupil. 

A  real  Purkinje  effect  Avas  found  Avith 
the  equality  of  brightness  method. 
The  same  results  Avere  obtained  with 
an  equahty  of  brightness  photometer 
Avith  and  Avithout  a  contrast  field. 
The  writer  fa\"ours  a  photometric 
field  Avithout  contrast  Avhere  there  is  a 
colour  difference,  and  found  his  sensi- 
bihty higher  AA'hen  using  such  a  field 
as  compared  uith  a  contiast  field. 

With  the  flicker  method  one  obserA^er 
obtained  the  Aalue  of  the  ratio  of  R/G, 
Avhen  calculated  according  to  the  in\-erse 
squares  of  the  distances  of  the  red  and 
blue-green  lamps  from  the  photo- 
meter screen,  to  be  about  13  per  cent 
higher  than  the  A^alue  obtained  by  the 
other  observer  for  an  illumination  of 
the  photometer  screen  of  10  meter 
candles.  Throughout  the  Avhole  range 
of  illuminations  used  (from  05  to 
13  meter  candles)  a  large  difference 
between  the  two  obserA'ers  Avas  obtained. 
The  value  of  R/G  obtained  by  observer 
L  A\ith  the  equality  of  brightness 
method  Avas  found  to  be  only  62  per 
cent  of  its  A^alue  by  the  fiicker  method 
at  an  illumination  of  approximately 
10  meter  candles.  Observ^er  K  also 
obtained  a  loAver  value,  Avhich  Avas 
76  per  cent  of  its  A'alue  by  the  flickei' 
method,  and  87  per  cent  of  the  value 
obtained  by  observer  L  Avith  the  latter 
method. 

The  fact  that  the  flicker  method 
shoAss  a  reversed  Purkinje  effect  seems 
to  be  established.  While  it  is  knoAvn 
that  the  two  methods  of  photometry 
herein  considered  jdeld  different  results, 
the  other  data  are  presented  here  for 
the  purpose  of  emphasizing  this  point. 

The  writer  is  indebted  to  Mr.  Leonard 
Krill  for  valuable  assistance  in  the 
experimental  Avork. 
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A  Physiological  Explanation  of  Miners'  Nystagmus. 


Dr.  Edridge-Green  makes  an  interest- 
ing suggestion  as  to  the  cause  of 
miner's  nystagmus.  It  appears  that 
this  defect  is  much  more  prevalent  in 
dimly  lighted  mines,  and  the  question 
arises  why  this  should  be  so.  Now 
the  eye  at  a  very  weak  illumination  is 
known  to  be  in  quite  a  different  state 
from  what  it  is  when  the  illumination 
is  high.  Its  chief  characteristic  is 
that  the  centre  of  the  eye  (where 
there  are  only  "cones")  is,  in  cer- 
tain circumstances,  practically  blind, 
whereas  in  bright  daylight  vision  is 
most  acute  in  this  region.  This  dif- 
ference apjiears  to  be  due  to  the 
absence  of  the  visual  purple,  in  dark- 
ness, from  the  central  area  of  the 
retina. 

Yet  it  may  be  remarked  that  the 
pro\'ision  of  a  certain  illumination  is  not 
quite  all  that  is  required.  According  to 
Dr.  H.  S.  Ellworthy,  the  nature  of  the 
surroundings  in  the  mines  has  a  lot  to 
do  Avith  the  matter ;  if  these  are  very 
dark  and  gloom}^  even  a  strong  illu- 
mination Avill  not  retrieve  the  situation. 
Dr.  Ellworthy  has  kindly  sent  us  two 
of  his  recent  papers  on  the  subject.  He 
suggests  that  what  is  needed  is  to 
lighten  the  tint  of  the  sombre  sur- 
roundings in  mines,  and  he  adds  that 
the  absence  of  colour  may  also  have 
sometliing  to  do  Avith  the  abnormal 
condition  of  the  ej^e.  However  this 
may  be,  it  is  reasonable  to  suggest  that 
the  surface  brightness  of  the  surround- 
ings is  a  most  important  item  ;  and  one 
would  like  to  knoAv  Avhat  the  minimum 
value  in  mines  sliould  really  be. 

Dr.  Edridge-Green  has  shown  that 
when  there  is  no  visual  purple  in  the 
fovea,*  this  is  conveyed  there  by 
stimulation  in  the  surrounding  por- 
tions of  the  retina  by  light  or  by  move- 
ment    of    the    eye.     It   will    be    readily 

*  Readers  interested  in  this  subject  will  be 
glad  to  know  that  three  papers  on  the  subject 
hy  W.  F.  Edridge-Green  were  published  in  the 
Journal  of  Phyaiology  in  November,  11)10,  July, 
1911,  and  August,  1912,  respectively. 


understood  how  difficult  it  is  to  work 
in  such  a  light  as  this.     Persons  con- 
stantly find  it  necessary  to  move  their 
eyes    in    order    to    see    things    clearly. 
This  movement  brings  the  visual  purple 
into    the    central    region.     Thus,    if    a 
chalk  mark  be  made  on  a  l^lackboard  in 
a  feebly  lighted  room,  and  be  regarded 
intentl}^    the    eye    will    commence    to 
move,  or,  if  the  eye  be  kept  from  mov- 
ing, the  chalk  mark  will  disappear.   If 
several   other  chalk   marks   be   placed 
at  a  short  distance  from  the  first  one, 
not  only  Avill  the  eye  be  less  inclined 
to  move,   but  the  centre  chalk  mark 
Avill  be  seen  much  more  clearty.     This 
shows    the    value    of    a    diffused    light 
instead  of  a  point  source.     Such  condi- 
tions give  rise  to  the  nervous  move- 
ments of  the  eyes  known  as  nystagmus. 

Diagram  of  Retina,  showing  distribution  of 
rods  and  cones. 


D  c 


A.  Space  fitted  with  fluid  sensilized  by  visual  purple. 

B.  Space  containing  cones  only. 

C.  Rods  containing  visual  purple. 

D.  Uoiies. 

The  eye  is  in  a  very  unstable  condition, 
and  the  quantity  of  visual  purple  in 
the  centre  of  the  retina  fluctuates, 
giving  a  distinctly  curious  "  wobbling  " 
impression  when  one  tries  to  look 
fixedly  at  any  object. 

All  these  effects  occur  in  very  feeble 
illuminations  (under  one-tenth  of  a 
foot-candle,  for  example).  The  remedy 
is  very  simple.  Increase  the  illumina- 
tion above  the  margin  where  the 
activity  of  the  centre  of  the  eye  becomes 
impaired.  Here,  again,  one  would  like 
to  have  from  physiologists  data  in 
terms  which  the  lighting  engineer  can 
understand.  Are  they  prepared  to 
state  what  is  the  minimum  illumination 
in  foot-candles  necessary  to  avoid 
this  pecuhar  effect  ? 
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TRANSACTIONS 

OF 

Cf)e   Klluminattng:   Cncjineering    ^j^ctetp 

(Founded  in   London,    1900.) 

The  Illuminating  Engineering  Society  is  not,  as  a  hodij,  responsible  for    the  ojnnions 
expressed  by  individual  authors  or  speakers. 


The  Use  of  Shades  and  Reflectors. 


A  MEETING  of  the  Society  was  held  at 
the  house  of  the  Royal  Societj^  of 
Arts  at  8  p.m.,  on  Tuesday,  February 
18th.  The  chair  was  taken  by  Mr. 
F.  W.  Goodenough,  who,  owing  to  an 
important  engagement,  A\as  co'npelled 
to  leave  before  the  end  of  the  meeting, 
his  place  being  taken  by  Mr.  F.  Bailey. 

The  minutes  of  the  last  meeting 
having  been  taken  as  read,  the  names 
of  the  applicants  for  membersliip  were 
presented  in  the  usual  way. 

The  Chairman  then  announced  that, 
at  the  next  meeting  of  the  Society,  on 
Tuesday,  March  11th,  a  special  lecture 
on  the  '  History  of  Gas  Lighting  in 
this  Country  '  would  be  delivered  by 
Ml".  W.  J.  Liberty.  A  general  invita- 
tion had  been  given  to  members  of 
the  Institution  of  Gas  Engineers  to  be 
present,  and  any  members  of  the  gas 
industry  who  were  interested  would  be 
welcome. 

At  the  subsequent  meeting,  on  Tues- 
day, April  15th,  a  paper  dealing  witli 
Street  Lighting  would  be  presented  by 
Mi,  A.  P.  Trotter,  and  this  would  be 
made  the  occasion  for  a  discussion  of 
the  basis  of  tlie  Standard  Specifioations 
for  Street  Ligliting.  It  was  proposed 
to  make  this  a  joint  meeting  of  the 


various  societies  interested,  who,  it  was 
hoped,  would  send  delegates  to  join  in 
the  discussion. 

The  Chairman  then  called  upon  Mr. 
J.  G.  Clark  to  read  the  paper  presented 
by  lumself  and  Mr.  Macldnne}^  entitled 
'  Some  Notes  on  Shades  and  Reflectors.' 
The  paper  was  illustrated  bj^  a  number 
of  slides,  and  some  novel  apparatus  was 
exhibited  showing  the  conditions  of 
shadow  produced  respectively  by  direct 
and  indirect  illumination.  An  inter- 
esting discussion  then  ensued,  in  which 
the  following  took  part  : — 

Mr.    A.^Blok,    Mr.    G.    Campbell, 
Mr.  A.  Cunnington,  Mr.  J.  Da'rch, 
Mr.     Haj'dn    T.    Harrison,    Prof. 
J.  T.   Morris,  IVIi'.  T.   E.   Ritchie, 
and  Ml-.  H.  C.  Wheat. 
The  Chairman  added  that  communica- 
tions in  writing  had  been  received  frojn 
]\Ir.  C.  C.  Paterson,  Mr.  W.  C.  Clinton, 
and  ]\Ir.  P.  J.  Waldram,  wlio  had  ex- 
pressed regret  at  inability  to  be  present. 

Mr.  V.  H.  iMackinney  briefly  replied. 

Tlie  Chairman  moved  a  vote  of 
thanks  to  the  lecturers,  which  was 
carried  unanimously.  This  terminated 
the  proceedings,  and  most  of  those 
present  adjourned  to  the  library,  where 
tea  and  coffee  were  provided. 
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New  Members  of  the  Society. 

The  names  of  the  ajji^licants  for  znembership,  read  out  at  the  previous  meeting  on 
January  14th,*  have  now  been  formally  annomaced  for  the  second  time,  and  these 
gentlemen  were  declared  Members  of  the  Illuminating  Engineering  Society.  In  addi- 
tion, the  names  of  the  following  gentlemen  have  been  duly  submitted  and  approved 
by  ths  Coimcil,  and  were  read  out  by  the  Hon.  Secretary  at  the  meeting  of  the  Society 
on  February  18th  : — 
Ordinary  Members. 

Allen,  E.  Vice-President  of  the  Institution  of  Gas  Engineers. 

JMem.Insl.Gas  The  Liverpool  L'nited  Gas  Light  Co.,  Duke 

Engineers.  Street,  Li\"erpool. 

Bosenberg,  A.  Fittings  Manufactiu-er,  o/f.  Serrestr.,  Dresden. 

Douglas,  W.  D.  Assistant  in  the  Department  of  Physics  and  Elec- 

trical Engineering,  Dublin  Royal  College  of 
Science,     20,     Garville     Avenue,     Rathgar, 
Dublin. 
Elwell-Smith,  H.  Electrical  and  Petrol  Air  Gas  Engineer,  Director 

and  jNIanager  of    Spenser's,  Ltd.,    53,  South 
Molton  Road,  London,  W. 
Himtley,  R.  Works  Manager  to  Metalite,  Ltd.,  49,  Portland 

Street,  Derhy. 
Ryan,  G.  Surveyor,  Messrs.  Ryan  &  Penfold,  Wimbledon 

Park,  London,  S.W. 
Thorp,  F.  Gas    Engineer,    Managing   Director    of     Franklin 

Thorp    &    Co.,    Grasmere,    ^^liitefield,    near 
Manchestkr. 
Wise,  W.  C.  P.  E.  Chappins  k  Co.,  85,  Fleet  Street,  London, 

E.C. 
*  Ilium.  Eng.,  Loxd  ,  Feb.,  1913,  p.  66. 
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(FOUNDED  IN  LONDON,   1909.) 

OFFICIAL    ANNOUNCEMENT    OF    NEXT    TWO 

MEETINGS. 

(To  be  held  in  the  House  of  the  Royal   Society  of  Arts,   18,   John  Street, 

Adelphi,  London.) 

The  History  of  Gas  Lighting  in  England. 

On  Tuesday,  March  11th,  a  lecture  on  this  subject  will  be  delivered  by 
Mr.  W.  J.  Liberty,  Lighting  Inspector  to  the  City  of  London,  in  commemoration  of 
the  centenary  of  gas  supply.  It  is  expected  that  a  number  of  illustrations  and 
exhiljits  of  historic  interest  will  be  shown.  A  general  invitation  to  be  present  has 
been  i.ssued  to  members  of  the  Institution  of  Gas  Engineers,  and  others  interested 
are  invited  to  apply  for  tickets  to  the  Hon.  Secretary  of  the  Illuminating  Engineering 
Society. 

Standard  Clauses  for  a  Specification  of  Street  Lighting. 

On  Tuesday,  April  15th.  a  paper  on  this  subject  will  be  pi^esented  by 
Mr.  A.  P.  Trotter  at  a  joint  meeting  of  the  Illuminating  Engineering  Society,  the 
Institution  of  Gas  and  Electrical  Engineers,  and  the  In.stitute  cf  County  and 
Municipal  Engineers. 

The  paper  will  not  be  read,  but  merely  briefly  introduced  by  the  author. 
Advance  proofs  will  shortly  be  available,  and  can  be  obtained  bj-  those  wishing  to  join 
in  the  discussion  on  application  to  the  Hon.  Secretai-}'  of  the  Illuminating  Engineer- 
ing Society  (Mr.  L.  Gaster,  32,  Victoria  Street,  London,  S.W.). 
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Some  Notes  on  the  Use  of  Shades  and  Reflectors. 

By  J.  G.  Clark  and  V.  H.  Mackinxey. 

(Paper  presented  at  a  Meeting  of   the    Society  held  at  the  House   of  the  Royal  Society  of  Arts,  18,  John 
Street,  Adelphi,  London,  on  Tuesday,  February  18th,  at  8  p.m.) 

ABSTRACT. 
[The  paper  commences  with  some  general  remarks  on  the  need  for  efficient  shading  and  the 
choice  of  suitable  methods  of  screening  and  directing  light.  The  chief  functions  of  a  shade  are 
analysed  and  the  results  given  of  a  series  of  tests  of  the  distribution  of  light  from  various  shades  and 
reflectors,  with  gas  and  electric  light.  Subseiiuently  an  account  is  given  of  some  experiments  on  the 
shadows  cast  by  various  sources,  and  direct  and  indirect  lighting  are  compared  in  this  respect. 
Some  new  apparatus  for  this  purpose  is  described  and  illustrated.  In  conclusion  the  appendices  are 
added  containing  a  brief  account  of  four  installations,  illustrated  by  photographs  taken  entirely 
by  artificial  light.    These  are  selected  with  a  view  to  illustrating  special  points  iu  shading.] 


Introduction. 

In  bringing  this  paper  before  the 
Illuminating  Engineering  Society  the 
authors  are  conscious  that  a  full 
treatment  of  the  design  and  use  of 
shades  and  reflectors  would  be  quite 
impossible  within  the  space  available. 
The  art  of  shading,  in  its  broadest 
sense,  involves  the  application  of  a 
variety  of  scientific  principles,  including 
reflection,  refraction,  diffraction,  and 
diffusion  ;  and  these  in  turn  can  be 
further  subdivided.  The  subject  is 
also  complicated  by  physiological  and 
psychological  phenomena,  which  lend 
themselves  to  various  interpretations, 
according  to  the  individual  taste. 
One  person  will  abhor  what  another 
appreciates  and  for  no  very  clear  reason  ; 
conditions  which  strike  one  individual 
as  attractive  and  artistic,  to  another 
appear  quite  the  reverse. 

Therefore,  bearing  in  mind  the  pi'ac- 
tical  ambitions  of  this  Society,  it  seemed 
desirable  to  emphasize  mainly  the 
utilitarian  aspects  of  the  art  of  shading, 
as  applied  to  illuminating  engineering, 
and  to  restrict  ourselves  to  a  general 
review  of  some  of  the  more  important 
practical  quaUties  that  shades  and 
reflectors  should  possess.  We  hope 
that  the  discussion  will  provide  an 
O])])ortunity  for  any  omissions  to  be 
rectified,  and  Ave  will  subsequently 
endeavour  to  clear  up  any  ]ioints  that 
may  require  further  explanation. 

We  may  define  illuminating  engi- 
neering as   the   science  of   the  efficient 


utilization  of  light.  There  are 
doubtless  great  possibilities  in  the 
direction  of  the  production  of  light, 
yet  it  will  surely  be  agreed  that 
the  efficient  utilization  of  exiating  light 
sources  is  of  more  immediate  import- 
ance. Light,  as  raw  material,  is  cheap 
enough  even  now.  The  economic  possi- 
bilities of  using  this  light  are,  at  least, 
as  promising  as  any  impending  im 
provements  in  the  methods  of  pro- 
duction ;  the  latter  is  uncertain,  Avhere- 
as  the  former  is  certain. 

The  present  methods  of  producing 
light  are  by  no  means  costh^  ;  indeed, 
it  would  appear  that  strikingly  bad 
examples  of  illumination  are  not  in- 
frequently due  to  the  low  cost  of  fight ; 
possibly,  if  light  were  more  expensive, 
people  would  be  more  careful  in  hus- 
banding it,  and  its  abuses  (which  are 
not  confined  to  any  one  illuminant) 
Avould  be  less  common. 

It  might  be  suggested  that  a  paper 
dealing  with  bad  examples  of  lighting 
would  form  an  interesting  feature  for  a 
future  meeting  of  tlie  Society.  We  feel 
sure  that  no  difficulty  A\ould  be  found 
in  providing  subject-matter,  and  from 
a  full  appreciation  of  what  is  wrong, 
we  might  get  some  very  clear  ideas  of 
what  is  right.  A  discussion  on  this 
subject  carried  on  in  the  right  spirit 
Avould  be  highly  interesting  and  i^ro- 
fi  table. 

It  is  an  old  and  wcll-Morn  sa^-ing 
that  the  industry  that  goes  not  for- 
ward, goes  back,  and  it  must  have  been 
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very  clear  to  those  who  follow  the 
interests  of  artificial  illumination  that 
this  pohcy  has  found  a  lively  appre- 
ciation on  the  part  of  many  engaged 
in  the  design  of  lamps  and  hghting 
apphances. 

One  important  point  which  has 
received  very  careful  attention  is  that 
of  maintenance  and  renewal  of  parts. 
It  is  part  of  the  irony  of  things  that 


"  a  look  and  a  promise  "  are  all  that 
are  given,  and  the  results  provide 
the  bad  examples.  Recent  improve- 
ments, hovvever,  have  done  much  to 
minimize  this. 

Practical  experience  has  provided 
the  lighting  engineer  with  much  valu- 
able information  on  ilhmiination,  and 
evidence  of  this  having  been  turned 
to  account  may  be  found  in  modern 


Fig.  1.— ELECTKIC    UNITS. 
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Close  against  black  background. 
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Clo!?e  against  white  background. 


Illustrating  apparent  brightness  of  shade  and  modification  of  "glare  "  effect  with  change 

of  background. 

Fig.  2.-GAS    UNITS. 


Close  against  black  background. 


Close  against  white  background. 

Illustrating  apparent  brightness  of  shade  and  modification  of  "  glare  "  effect  with  change 

of  background. 


whereas  a  consumer  of  Hght  will  pay 
almost  elaborate  attention  to  the 
trimming  and  charging  of  an  oil  lamp,  he 
will  regard  the  modern  illuminant  as 
self-maintaining,  and  while  this  is, 
no  doubt,  almost  true,  an  occasional 
clean  would  often  be  a  very  profitable 
investment  from  an  economic  lighting 
point  of  \dew.     In  many  cases,  hoAvever, 


productions.  Suitable  robustness  of 
construction,  easy  access  to  all  vital 
parts,  easy  and  cheap  renewal  of  the 
Avearing  parts,  and  the  use  of  suitable 
shades  and  reflectors  are  amongst  the 
features  that  will  be  readily  observed 
in  modern  lamp  construction,  and  no 
doubt  they  have  done  much  towards  the 
maintenance  of  photometric  efficiency. 
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It  is  interesting  to  note  the  increased 
interest  taken  by  manufacturers  of 
lighting  appUances  in  the  photometric 
performances  of  their  productions.  This 
can  bring  nothing  but  good  results  to 
the  hghting  industries,  and  as  a  natural 
consequence  benefit  the  consumer  both 
financially  and  hygienically. 

The  Objects  of  Shades  and  Reflectors. 

The  above  remarks  lead  us  to  the 
consideration  of  the  value  of  shades 
and  reflectors  as  a  means  of  modifying 
the  distribution  of  hght  from  illu- 
minants,  and  so  improving  the  practical 
utiUty  of  an  installation.  Some  may 
perhaps  consider  our  remarks  on  this 
subject  rather  elementary  ;  yet,  judging 
from  the  examples  one  constantly  meets 
with,  it  may  well  be  suggested  that 
these  simple  underlying  principles  need 
to  be  more  widely  known. 

It  is  curious  how  seldom  people 
seem  to  analyze  what  a  shade  or 
reflector  is  intended  to  do.  In  many 
cases  the  mere  presence  of  a  reflector 
appears  to  be  all  that  is  considered 
necessary.  It  is  sometimes  placed 
quite  a  distance  away  from  the  source, 
and  the  user  apparently  never  reaHzes 
that,  before  a  reflector  can  reflect  hght, 
light  must  fall  upon  it.  It  need 
scarcely  be  said  that  neither  globe, 
shade,  or  reflector  can  create  light, 
but  is  merely  an  aid  in  distributing  it. 
(Some  years  ago  an  old  gentleman 
called  upon  one  of  the  authors,  desiring 
to  bring  to  his  notice  a  method  of 
"  increasing  the  illuminating  power  of  an 
ordinary  source  of  light  several  fold." 
The  scheme  consisted  in  the  use  of  a 
bull's  eye  in  front  of  the  light  source. 
Naturally  a  bright  image  of  tlie  source 
was  projected  on  the  wall,  and  this, 
no  doubt,  suggested  to  him  that  the 
idea  was  worth  developing.) 

The  main  functions  of  a  shade  miglit 
perhaps  be  defined  as  follows  : — 

1.  The  screening  of  the  source  of 
liglit  from  the  eye  and  avoidance  of 
glare. 

2.  The  direction  of  the  light  where  it 
is  chiefly  needed  {e.g.,  reduced  illu- 
mination of  the  upper  parts  of  the  walls 
and  ceiling,  and  imjnoved  illumination 
on  the  working  plane). 


3.  The  softening  and  toning  down  of 
shadoM^s . 

4.  Decorative  effect. 

All  of  which  improve  the  visual  value 
of  the  illuminant. 

Of  these  the  economical  advantage 
of  altering  the  distribution  of  light 
from  a  source  so  as  to  suit  one's  con- 
venience is  manifest.  The  lamps 
available  at  the  present  time  ad- 
mittedly difEer  enormously  in  this 
respect.  Note,  for  example,  the  con- 
trast in  the  light  immediately  below 
an  upright  and  an  inverted  mantle  ; 
and  the  difference  in  the  directions  of 
maximum  candle-power  from  a  metallic 
filament,  flame  arc  lamp,  or  mercury 
vapour  lamp.  It  is  rare  indeed  that  a 
source  gives  exactly  the  distribution 
of  hght  required  for  a  specific  problem, 
and  it  is  almost  always  necessary  to 
use  with  it  a  suitable  reflector.  In 
many  cases  the  maximum  light  is 
emitted  horizontally,  whereas  in  prac- 
tice one  usually  requires  the  majority 
of  the  light  to  be  directed  downwards. 

As  showing  how  great  are  the  advant- 
ages to  be  derived  by  using  a  suitable 
shade  it  may  be  well  at  this  point  to 
consider  the  distribution  of  light  from 
an  ordinary  source  enclosed  in  an 
opaque  sphere.  The  whole  of  the  light 
will  then  be  intercepted  by  the  en- 
velope. The  photometric  value  of  the 
hght  included  Avithin  an}^  sohd  angle 
may  be  measured  by  the  product  of 
the  candle-power,  and  the  area  of  the 
sphere  included  within  that  angle. 
For  instance  if  we  divide  the  surface 
of  the  sphere  by  latitudinal  fines 
corresponding  to  angular  displacements 
of  10°  above  and  below  the  horizontal 
(equator)  we  have  the  following  figures 
representing  the  area  of  the  respective 
zones* : — 

*  The  figures  are  of  course  calculated  from 
the  f.  illowing  : — 

Let   A     =  area  of  sphere 
then  dA     =  'Zirv'*  Cos  6.  d9 
A     =  '2irv'^ 

(Cos  e.  de 


./• 


r  ■  1 

=  27rv^   Sin  e. 

L    e.,  J 

=  2jr»'«(Sin  ^.^-Sin  ^i) 
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Angular  displacement 

Relative 

from  equator. 

Area. 

0    to  10° 

. .     1736 

10°  to  20° 

. .      1684 

20°  to  30° 

. .      1580 

30°  to  40° 

. .      1428 

40°  to  50° 

. .     1232 

50°  to  60° 

. .     1000 

60°  to  70° 

737 

70°  to  80° 

451 

80°to  90° 

..       152 

These  data  are  well  known  in  con- 
nexion with  calculations  of  spherical 
values,  but  they  are  also  a  great 
aid  in  studying  the  problem  of  reflec- 
tion and  distribution  of  light,  and  in 
deducing  the  probable  advantages  that 
may  arise  therefrom. 


^Oo 


included  within  the  angle  60°  to  70*, 
i.e.,  if  we  have  100  candles  witliin  the 
angle  0°  to  10°,  and  could  reflect 
the  whole  of  it  to  the  angular  space 
within  60°  to  70°,  the  loss  to  the  former 
angle  would  be  100  candles,  but  the 
gain  at  the  latter  would  be  236  candles. 
Of  course,  we  cannot  reflect  with  such 
a  high  degree  of  efficiency,  but  the 
practical  advantage  is  fairly  obvious. 
Figs.  3  and  4  show  this  effect  in  a 
practical  way. 

In  the  following  notes  it  will,  we 
hope,  be  shown  that  the  immense 
advantages  to  be  derived  from  the  use 
of  proper  shades  and  reflectors  would 
almost  invariably  permit  of  better 
illumination  at  a  cheaper  running 
cost,   and   that   any  expense   incurred 
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Fig.  3.— Distribution  curve   of    iacandesoent 
mantle  and  mantle  in  enamelled  steel  redector. 


If  we  assume  for  a  moment  that  the 
zonal  distribution  of  the  light  source 
is  equal  in  all  directions,  then  the 
preceding  figures  would  represent  the 
proportional  photometric  values  of  the 
light  included  in  the  respective  angles. 
They  do  not,  of  course,  represent  the 
utihty  values  of  the  Hght,  but  they  do 
indicate  the  amount  of  raw  material 
available  for  use  by  the  application  of 
appropriate  reflectors.  If  the  candle- 
power  distribution  of  a  source  was  the 
same  at  all  angles,  the  photometric 
value  of  the  hght  emitted  (the 
quantity  of  raw  material)  within  the 
angle  0°  to  10°  would  be  2-36  times  that 
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Fig.  i. — Distribution  curve  of  incandescent 
mantle  and  mantle  in  enamelled  steel  reflector. 

b}?^  the  adoption  of  suitable  reflectors  is 
more  than  compensated  for  by  the 
improved  illumination. 

Nature  of  Shades  Available. 

For  our  purposes  any  element  used 
in  conjunction  Avith  a  source  to  achieve 
either  or  all  of  the  objects  named  above 
might  be  termed  a  "  shade."  Shades 
may  be  divided  into  three  great 
classes,  firstly,  those  that  are  main  re- 
flecting ;  secoyidly,  those  whose  chief 
purpose  is  to  shade  the  light  and  tone 
down  its  brilhancy  ;  and  thirdly,  those 
which  diffuse  and  redirect  a  substantial 
portion  of  the  light  during  transmission, 
and  in  so  doing  may  direct  it  in  some 
desired  direction.  The  following  table, 
without    being    exhaustive,    seems    to 
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comprise  the  chief  varieties  of  shades 
in  use  : — 


SHADES. 
Opaque  Reflecting. 

Transparent  Eeflecting 

Translucent  Reflecting 
and  Diffusing. 

TransparentRefracting 
and  Diffusing. 

Diffracting  (an  effect 
intermediate  between 
transparent  and  trans- 
lucent. 

Globe  Form  (those 
possessing  the  proper- 
ties of  diffusion  or 
diffraction,  and  re- 
direction). 


MATERIALS. 

Cardboard,  Enamel  Iron 
Green  cased  opal  silvered 
glass. 

Clear  Glass  with  ex- 
ternal Prisms. 

White  or  nearly  white 
glass,  including  Opal. 
Clear  Glass  with  exter- 
nal and  internal  Prisms. 

Clear  Glass,  sand- 
blasted or  acid  etched. 


Clear  Glass  with  exter- 
nal and  internal  prisms. 
Opal,  White  or  nearly 
White  Glass.     Clear 
Glass,  sand-blasted  or 
acid  etched. 


The  variety  of  shade  most  suitable  in 
practice  naturally  depends  to  a  great 
extent  on  which  of  the  four  main 
functions  suppression  of  glare,  re- 
direction of  rays,  softening  of  shadows 
and  decorative  effect  are  the  more 
important.  The  first  two  considera- 
tions usually  occur  together.  By  the 
very  fact  of  reflecting  in  a  desired 
direction  hght  which  would  other\\dse 
pass  out  horizontally,  we  diminish 
glare.  In  providing  general  illumina- 
tion one  usually  prefers  a  translucent 
shade  which  alloAVs  a  certain  amount 
of  hght  to  be  transmitted  out  into  the 
room,  and  so  avoids  excessive  contrasts. 
For  local  lighting,  on  the  other  hand, 
when  the  shade  is  placed  comparatively 
near  to  the  worker's  eye  an  opaque 
shade,  completely  covering  the  source, 
is  usually  desirable.  The  qiiestion  may 
here  be  raised  whether  any  minimum 
intrinsic  brilliancy  for  shades  sliould 
be  prescribed.  It  will  be  recalled  tliat 
the  brightness  of  the  sky  (about 
2-3  c.-p.  per  square  inch)  has  been 
suggested,  but  some  have  contended 
that  the  figure  should  be  even  lower. 
It  seems  obvious,  however  that  the 
value  one  would  consider  necessary  will 
depend  on  tlie  position  of  tlie  light 
and  its  distance  from  tlie  observer. 
The  sensitiveness  of  individuals  to 
brightness  also  seems  to  vary  very 
greatly.  Perhaps  some  expressions  of 
opinion  on  thi';  point  will  be  forth- 
coming in  the  discussion. 


In  estimating  the  intrinsic  brilhancy 
of  translucent  shades  the  uneven  dis- 
tribution of  brightness  is  often  a 
difficulty.  The  variety  of  conditions 
one  may  meet  with  in  this  respect  is 
aptly  illustrated  in  the  series  of  photo- 
graphs reproduced  in  Figs.  1  and  2, 
taken  entirely  by  artificial  hght.  People 
sometimes  argue  as  if  complete  uni- 
formity of  brightness  were  the  ideal, 
but  it  is  obvious  that  this  would  con- 
siderably limit  the  possibihties  of 
artistic  treatment,  and,  as  a  matter  of 
fact,  people  often  prefer  a  mild 
"  sparkle." 

Another  factor  that  has  a  material 
influence  on  the  apparent  brightness  of 
a  shade  is  background.  In  the  figures 
this  is  illustrated  by  the  various 
sources  having  been  photographed  first 
against  a  black,  and  secondly  against 
a  white  cloth.  In  a  photograph  of  this 
kind  one  naturally  cannot  reproduce 
the  exact  impression  of  the  eye,  owing 
to  limitations  of  contrast  ;  bvit  the 
figures  give  an  idea  of  %vhat  is  meant. 
The  bright  portions  of  the  shade  and  its 
edges  are  much  less  prominent  when 
the  background  is  white. 

In  lighting  of  a  purely  utilitarian 
character  the  redirection  of  hght  is  a 
most  important  function.  It. leads  to 
better  illumination,  and  may  also 
render  possible  economies.  By  intro- 
ducing the  right  form  of  a  reflector, 
sources  of  lower  candle-power  and 
smaller  consumption  may  often  be 
su])stituted,  with  an  actual  increase 
in  illumination  on  the  Avorking  plane. 

There  are,  of  course,  also  cases  in 
M'hich  artistic  appearance  is  every- 
thing, and  the  cost  of  comparatively 
small  moment.  It  may  then  be  legiti- 
mate to  permit  quite  a  large  amount  of 
Ught  to  be  absorbed  in  the  material  of 
the  shade  (silk,  alabaster,  &c.)  for  the 
sake  of  ornamental  effect.  This  is  a 
branch  of  the  subject  Avhich  is  neces- 
sarily omitted  from  this  paper.  But 
it  may  be  said  that  the  importance  of 
tlie  shade  as  a  decorative  object  is 
not  yet  sufficiently  recognized,  and 
offers  a  vast  field  for  the  artist  and  the 
arcliitect.  At  present  one  often  sees 
noble  and  richly  decorated  interioi's 
hghted  by  extremely  tawdry  and  cheap 
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shades  and  fittings.  It  is  a  matter  for 
wonder  that  the  care  bestowed  on  the 
architectural  scheme  of  an  interior 
so  often  stops  short  at  the  illumination. 

Tests    of    Some    Typical    Shades    and 
Reflectors. 
As  an  illustration  of  the  effects  and 
advantages  of  various  common  forms 


Figs.  3-12  were  obtained  with  in- 
candescent mantles  (upright  or  in- 
verted), and  Figs.  13-20  vnth  an 
ordinary  electric  tungsten  lamp. 

The  diagrams  show  the  redistributing 
effects  of  certain  reflectors  which  are 
in  fairly  common  use,  and  are,  as  a 
rule,  easily  procurable. 


Fig.   5.— Distribution    curve    of  incandescent 
mantle  and  mantle  in  enamelled  steel  reflector. 
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Fig.  7.— Distribution  curve  of  incandescent 
mantle  and  mantle  in  green  cased  opal  glass 
shade. 
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6.— Distribution   curve  of    incandescent 

and  mantle  in  white  opal  glass.  Fig.    S.— Distribution  curve  of  incandescent 

mantle  and  mantle  in  cardboard  shade. 


of  shades,  we  have  reproduced  in 
Figs.  3-20,  a  series  of  diagrams,  each 
comprising  the  polar  curve  of  hght 
distribution  from  the  bare  source  and 
the  corresponding  curve  from  the  same 
source  equipped  with  a  certain  form  of 
shade  or  reflector.  A  rough  sketch 
of  this  reflector  is  appended  in  each 
case. 


Figs.  3  and  4  show  two  types  which 
are  frequently  used  for  industrial  work. 
The  material  is  of  white  enamelled 
steel,  and  the  source  is  a  cluster  of 
inverted  incandescent  gas  mantles. 
Such  reflectors  serve  very  well  for  the 
general  lighting  of  workshops  and 
other    places    where    a    good    general 


SHADES  AND  REFLECTORS. 


131 


illumination  is  necessary.  They  may 
be  obtained  in  various  sizes,  so  that 
varying  conditions  may  be  met,  such 
as  permissible  height  and  spacing,  and 
degree  of  illumination  required. 

Fig.  3  is  probably  more  generally 
suitable  than  Fig.  4,  but  for  certain 
special  conditions  the  greater  covering 
power  of  the  unit  shown  in  Fig.  4  is  a 
great  advantage. 

Fig.  5  is  a  well-known  type  of 
reflector.  It  is  described  in  the  trade 
as  the  "  paraboHc  "  type,  but  it  is 
really  a  segment  of  a  sphere.  It  is 
simple,  and  for  the  outside  illumination 
of  shop  windows  it  serves  very  well 
indeed.  The  "  dressing "  of  a  shop 
A\dndow  often  precludes  the  use  of 
interior  lighting,  and  it  is  in  such  cases 
that  the  "  parabohc  "  reflector  finds  its 
use.  It  provides  a  good  illumination 
on  the  goods  displayed  in  the  window, 
and  protects  the  passers-by  from  tlie 
glare.  The  source  alluded  to  in  Fig.  5 
is  a  cluster  of  upright  incandescent 
mantles. 

Fig.  6  is  a  type  of  reflector  frequently 
used  with  incandescent  gas  units,  and, 
if  properly  installed,  will  give  very 
good  practical  results.  It  consists  of 
an  opal  dome,  so  arranged  as  to  cover 
the  direct  rays  of  the  source  to  an 
angle  of  25  dcgs.  below  the  horizontal. 
The  e£fect  is  to  considerably  increase 
the  flux  in  the  lower  hemisphere,  and 
to  pro\dde  a  visible  source  in  the  form 
of  the  illuminated  opal  hemisphere 
having  a  very  moderate  surface  bright- 
ness. Inverted  gas  mantles  are  used 
in  the  particular  unit  illustrated.  The 
opal  dome  reflector  is,  we  think,  fre- 
quently arranged  too  high  above  the 
light  source,  much  of  the  useful  effect 
being  thereby  lost,  and  the  flux  in  the 
lower  hemisphere  being  only  slightly 
increased.  This,  in  conjunction  with 
the  glare  effect  due  to  the  insufficient 
covering  of  the  bare  source,  renders  the 
unit  very  much  less  efficient  than 
when  properly  arranged. 

The  necessity  for  sufficient  covering 
power  is  frequently  overlooked  in  the 
application  of  reflectors,  although  the 
h3^gienic  and  economic  advantages  re- 
sulting therefrom  are  fairly  obvious. 

Fig.  7  illustrates  a  useful  and  fre- 
quently adopted  fitting.     It  consists  of 
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Fig.  9. — Distribution  curve  of  bare  source  and 
same  in  green  cased  opal,  plain  opal,  and 
enamelled  steel  shades. 


I 

100 

200 

300 

1 

100  f 

i 

1 

\  'X  y 

\  \vX 

^ 

fc 

200 

"\ 

\   \ 
\  *  \ 

X^ 

:'■ 

300 



\> 

V 

400 

\    1 
\    I 
\  1 

\\ 

A 

500 

Li—- 

— n 

\^ 

Y 

600 

^\ 

71  HI 

/      \ 
/       \ 

/ v 

— sIlvered  \ 

GLASS 

^,«---''      ' 

\ 

8U0 

QUO 

/ 

U- 

\ 

Fig.  10.— Distribution  curve   of  incandescent 
mantle  and  mantle  in  silvered  ijlass  shade. 
[Same  source  as  in  Fig.  D.] 
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a  green-cased  opal  reflector  of  rather 
deep  conical  form,  arranged  over  an 
inverted  gas  mantle.  Its  covering 
power  extends  to  about  35  degs.  below 
the  horizontal,  thus  fonning  a  local 
lighting  unit.  It  is  used  successfully 
for  local  lighting  in  banks  and  other 
offices,  being  usualty  arranged  on  the 
book-racks  abo\e  the  desks.  It  is 
the  practice  of  the  cierks  to  throw  the 
heavy  books  on  the  racks,  thus  causing 
a  serious  shock  to  the  fitting.  No 
damage  is  done,  however,  owing  to 
the  use  of  a  simple  anti-vibrating  de\'ice 
which  completely  protects  the  fitting. 

The  green  casing,  although  only 
sliglitly  transimrent  is,  Me  think,  more 
pleasant  for  office  work  than  a  totally 
opaque  material. 

We  may,  at  this  stage,  consider  the 
relative  effects  of  some  typical  reflect- 
ing materials.  Figs.  9  and  10  are 
interesting  as  bearing  on  this  point. 

Four  conical  reflectors  of  identical 
size  and  contour  were  prepared  for  use 
with  an  inverted  incandescent  gas 
burner,  the  major  diameter  being  11  in., 
and  the  depth  2|  in.  The  materials 
used  were  : — 

(1)  Plain  AvhJte  opal. 

(2)  Green- cased  opal. 

(3)  Enamelled  steel. 

(4)  Silver  mirrored  glass. 

The  redistributing  effects  of  these 
reflectors  is  shown  as  a  series  of  polar 
curves,  the  same  source  being  used  in 
each  case.  The  curve  for  the  silvered 
glass  is  shown  separately  in  Fig.  10, 
owing  to  the  high  flux  of  light  as  com- 
pared with  the  otlier  reflectors. 

It  is  interesting  to  note  that  in  the 
case  of  the  plain  and  green-cased  opal 
and  enamelled  steel,  where  there  is 
only  a  small  amount  of  specular 
reflection,  the  redistributing  effects  are 
so  nearly  alike  as  to  be  regarded  as 
identical.  A  quite  different  effect,  how- 
ever, is  produced  b}^  the  silvered  glass. 
The  superior  reflecting  power  of  this 
material  acts  both  quantitatively  and 
directionally. 

We  may  infer  from  these  results  that, 
A\ith  materials  having  a  minimum 
amount  of  specular  reflecting  power, 
reflectors  of  the  same  form  will  have 
approximately  the  same  redistributing 


effect,  and  that  the  quantitative  efiect 
will  be  proportional  to  the  co-efficient 
of  reflection  of  the  surface.  Where 
specular  reflection  prevails,  the  redis- 
tributing effect  may  be  examined  by 
the  application  of  simple  optical  prin- 
ciples. 

Silvered  -  glass  and  prismatic  glass 
reflectors  are  frequently  used  for  the 
illumination  of  hermetically  sealed 
windows,  such  as  are  frequently  used 
in  confectioners'  shops.  The  units, 
either  electric  or  gas,  are  arranged 
above  the  glass  roof  of  the  window, 
and  out  of  the  line  of  \asion  of 
a  person  looldng  in.  A  practically 
vertical  shower  of  hght  falls  upon  the 
articles  displayed,  and,  M-itli  suitable 
spacing  of  the  units,  a  unifonn  illumi- 
nation can  be  obtained. 

Fig.  8  shows  the  result  obtained  by 
a  common  card  shade,  used  in  con- 
junction viith.  an  upright  incandescent 
gas  mantle.  This  combination  is  ex- 
tensively used  for  the  illumination  of 
billiard  tables.  The  large  area  of 
the  reflector  tones  down  the  shadows 
produced  by  the  balls  upon  the  table, 
and  the  effect  may,  for  all  practical 
purposes,  be  regarded  as  shadowless. 
(Shadows  are  referred  to  in  another  part 
of  this  paper.) 

Fig.  11  shows  a  form  of  diffusing 
globe,  the  material  being  plain  opal. 
It  will  be  seen  that  the  flux  in  the  lower 
hemisphere  is  practically  uniform,  due 
to  the  multiple  cross  reflection  inside 
the  globe.  This  may  be  regarded  as 
typical  of  a  large  number  of  lighting 
units. 

Fig.  12  shows  the  redistributing 
effects  of  the  Holophane  prismatic 
reflecting  shades,  as  applied  to  inverted 
incandescent  gas.  The  three  standard 
I..  E.,  and  F.  tjqpes  are  shown. 

Turning  to  the  electric  series  we  find 
that  most  of  the  above  comments 
also  apply.  Figs.  12a  and  13  represent 
an  enamelled  iron  and  ordinary  opal 
shade  respectively,  the  contour  being 
very  similar  in  the  two  cases.  It  is 
interesting  to  see  how  closely  the  two 
curves  agree,  the  curious  peak  under- 
neath the  lamp  being  characteristic 
of  shallow  pohshed  reflectors  of  this 
kind.  A  shallow  reflector  such  as  this, 
which  intercepts  only  a  smaU  portion 


SHADES  AND  REFLECTORS. 


133 


of  the  light,  has  Httle  influence  on  the 
distribution  curve.  It  has  also  the 
further  drawback  that  an  ordinary 
metalhc  filament  lamp  would  be  most 
incompletely  screened  from  the  eye. 

Figs.  14  and  15  show  that  shades 
whose  properties  are  based  on  the 
diffusing  action   of   minute   suspended 
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these  materials  is  due  largely  to  direct 
reflection  off  the  shiny  "  first  surface." 
Fig.  18  is  very  interesting  as  showing 
the  gradual  transition  in  diffusing 
power  as  one  passes  from  clear  glass 
to  opal .  Taking  the  point  immediately 
below  the  source  we  see  that  the  smallest 


Fig.  11. — Di.-tril)ution  curve  of  incandescent 
uantle  and  mantle  in  diffusing  globe. 


Fig.  12a.— Distribution  curve  of  bare  tungsten 
lamp  (1)  and  same  lamp  iu  enamelled  iron 
reflector  (2). 
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Fio.  12. — Distribution  curve  of  incandescent 
mantle  and  same  mantle  with  various  Holophane 
reflectors. 


particles  {e.g.,  frosted  and  opal  glass) 
on  transmitted  light  have  in  general 
little  directive  effect.  Dense  globes  of 
this  type  tend  to  give  a  more  or  less 
spherical  polar  curve,  flattening  out 
irregularities.  Such  concentrating 
power  as  is  met  with  in  reflectors  of 


Fig.  13.— Distribution  curve  of  bare  tungsten 
lamp  (1)  and  same  lamp  in  opal  glass  reflector  (2). 

candle-power  is  obtained  from  the  bare 
lamp ;  satin-finished  glass  increases 
the  candle-power  shghtly  m  this  direc- 
tion, sand-blasted  glass  rather  more, 
and  opal  glass  most  of  all.  These  three 
materials,  in  fact,  show  an  increasing 
effect  on  the  distribution  curve  in  the 
above  order — a  sequence  wliich  can  be 
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confirmed   by  other  interesting  experi- 
ments. 

The  last  illustration,  Fig.  20,  again 
shows  the  results  obtained  from  a  deep 
conical  shade  of  given  contour  with 
various  materials.      Incomparably  the 


Fig.  14. —  Distribution  curve  of  hare  tunjisten 
Lamp  (1)  and  same  lamp  in  white  glass  re- 
tlector  (2)  (open  type). 


Fig.  15.— Distribution  curve  of  bare  tungsten 
lamp  (1)  and  same  lamp  in  white  glass  re- 
tiector  (2)  (bowl  type). 


most  pronounced  focussing  effect  is 
obtained  by  mirrored  glass,  in  which 
direct  as  opposed  to  "  scattered " 
reflection  is  the  most  important  element. 
Compare  with  Figs.  9  and  10. 


Value  of  Exact  Data  on  Shades  and 
Re/lectors. 
The  foregoing  examples  should  serve 
to  show  what  marked  differences  in  the 
distribution  of  light  may  be  caused  by 
sHght  modifications  in  the  form  and 
material  of  shades   and  reflectors.     It 


Fig.  16. —  Distribution  curve  of  bare 
lamj)  (1)  and  same  lamp  in  white  glass  £ 


tungsten 
lobe  (2). 


Fig.  17. — Distribution  curve  of  bare  tungsten 
lamp  (1)  and  same  lamp  in  Holophane  globe  (2). 


is  becoming  increasingly  common  for 
manufacturers  to  give  the  polar  curves 
of  hght  distribution  resulting  from  a 
given  source  A^ath  a  specified  shade  or 
reflector,  and  information  of  this  kind 
undoubtedly  adds  considerably  to  the 
value  of  such  a  unit. 
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When  one  has  no  knowledge  of  the 
effect  of  a  given  type  of  shade  it  is 
impossible  to  form  an  accurate  idea 
as  to  what  the  illumination  will  be. 
Yet,  if  we  may  judge  from  the  events 
of  the  last  few  years  (as  exemphfied 
in  the  series  of  photometric  measure- 
ments recently  made  on  behalf  of  the 
Home  Office  by  Mr.  D.  R.  Wilson), 
the  tendency  in  the  future  will  be  to 
specify  the  actual  illumination  on  the 
w^orking  plane,  and  the  contractor  will 
have  to  know  how  to  place  his  lamps  in 
order  to  secure  that  illumination. 

When  the  polar  curve  of  a  unit  is 
given,   a  person  with  some  knowledge 


this  in  view  it  may  not  be  out  of  place 
to  consider  one  or  two  aspects  of  this 
question. 

The  sharpness  or  definition  of  a 
shadow  does  not  depend  altogether 
on  its  actual  density.  The  gradient  of 
the  density  of  the  shadow  at  the  edges 
has  a  marked  effect  on  its  visibility, 
and  is  an  important  factor  from  the 
practical  standpoint.  This  gradient  of 
density  in  turn  depends  upon  the  in- 
trinsic brilliancy  and  area  of  the  light 
source,  a  source  having  a  large  area 
producing  much  less  intense  shadows 
than  one  having  a  less  extended  surface. 

When  a  light  source  is  equipped  with 
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FlO.  18.— Distribution  from  (1)  hire  lamp,  and 
same  lamp  ia  (2)  acid  etched  (3)  snud-blasted 
(4)  opal  globes  respectively. 

of  illuminating  engineering  can  readily 
work  out  the  resulting  illumination 
when  the  lamp  is  placed  at  a  giv^en 
height,  and  determine  how  tlie  lamps 
should  be  spaced  in  order  that  the  illu- 
mination over  the  room  may  be 
a])proximatply  uniform.  Some  manu- 
facturers supply  diagrams  enabling 
tlie  illumination  to  be  calculated,  and 
state  spacing  rules  for  a  given  type  of 
reflector.  Wlicn  even  illumination  over 
a  considerable  area  is  demanded  such 
data  are  very  useful. 

Diffusion  of  Light  and  Shadow-Effects. 

We  have  already  mentioned  the  pro- 
duction of  shadows  as  an  imi)ortant 
point  in  the  art  of  shading,  and  with 


Fig.  1!).—  Dis^tribiition  curve  of  tungsten  lamp 
in  Huted  mirror  glass  shade. 

[Same  source  as  in  Fig.  IS.] 


a  reflector  the  reflector  becomes  part 
of  the  source,  and  for  practical  purposes 
the  tAvo  must  be  considered  together  as 
one  unit. 

In  the  case  of  diffusing  reflectors,  as, 
for  instance,  Holophane,  opal,  white 
glass,  enamelled  steel,  &c.,  the  exten- 
sion of  the  area  of  the  light  source 
that  accompanies  tiieir  use  tones  down 
the  edges  of  the  shadows  so  that  they 
become  much  less  visible  than  when 
no  reflector  is  used. 

Shadow  density  may  be  defined  in 
terms  of  tlie  percentage  drop  in  illu- 
mination betAveen  two  adjacent  sur- 
faces.     Tlius     one     may    take     (I)    a, 
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reading  of  the  illunii  nation  on  the 
brighter  portion,  and  (2)  a  corre- 
sponding reading  for  the  darker  portion, 
and  then  subtract  (2)  from  (1),  and 
express  as  a  percentage  ratio  with 
regard  to  (1). 

(It  has  been  suggested  that,  in 
practice,  the  vakie  of  this  percentage 
should  preferably  not  exceed  20  per 
cent,  otlierwise  the  depth  of  the 
shadows  niay  be  inconvenient.) 


Bare 

lamp, 


Exten- 
sive. 


Inten 

sive. 


Fig.  20. — Distribution  curve  of  hare  lamp  and 
same  lamp  with  various  Holophane  reflectors. 


Figs.  21  and  22  are  interesting  as 
illustrating  in  a  practical  way  the 
effect  of  an  extension  of  the  area  of 
the  hght  source  in  subduing  shadows. 
A  lamp  was  arranged  8  ft.  above  the 
ground  and  near  a  stanchion,  so 
that  a  shadow  of  the  latter  Avas  cast 
upon  the  ground — a  condition  of  things 
that  often  obtains  in  factories  and 
workshops. 


The  illumination  was  explored  trans- 
versely across  the  shadow,  a  photometer 
being  suitably  arranged  for  this  purpose. 
The  shadow  was  explored  under  four 
conditions,  namely,  with  one,  two,  and 
three  mantles  aUght,  and  with  the 
three  mantles  j)lus  the  reflector,  a 
simple  slightly  concave  enamelled  steel 
reflector  being  used  for  this  purpose. 

The  results  form  a  series  of  cascades, 
each  step  reprc^senting  the  shadow 
produced  Ijy  one  of  the  mantles. 

Fig.  22  has  been  plotted  from  the 
same  data,  the  illumination  at  the 
various  points  being  expressed  as  a 
ratio,  the  value  at  tlie  centre  of  the 
shadow  being  taken  as  unity.  The 
gradient  of  the  steps,  therefore, 
represents  the  sharpness  or  defini- 
tion of  the  sliadow. 

The  diagrams  show  very  clearly 
the  advantages  of  extending  the 
area  of  the  light  source.  The  curves 
in  Fig.  22  tend  to  straighten  out  as 
the  source  is  extended,  until,  under 
the  conditions  specified  for  curve 
No.  4,  it  becomes  almost  a  straight 
hne. 

A  straight  Hne  would,  of  course 
indicate  a  practically  invisible 
shadoAv. 

As  a  means  of  avoiding  harsh  and 
abrupt  shadows  one  may  also  take 
advantage  of  reflection  from  walls 
and  ceiUngs.  Inconvenient  shadows 
are  much  more  apt  to  be  produced 
in  very  dark  rooms  than  when  the 
surroundings  are  fairly  light  in 
tint.  In  fact,  the  most  extreme 
instance  of  the  principle  of  dis- 
tributed sources  of  light  is  indirect 
lighting,  when  the  hght  is  thrown 
uj)wards  on  the  ceiling. 

Indirect  lighting  has  been  so  re- 
cently the  subject  of  a  special  paper 
before  the  Society  that  one  hesitates 
to  say  much  more  on  this  point. 
But  it  occurred  to  us  that  a  biief  account 
of  some  preliminary  experiments  carried 
out  by  one  of  the  authors  might  be  of 
interest.  Very  little  numerical  work 
has  yet  been  done  on  shadow-produc- 
tion, and  some  standard  metliod  of 
comparing  the  qualities  of  diflerent 
S3^stems  of  lighting  in  tliis  respect 
seems  needed.  The  most  obvious 
method  of  investigation  seems  to  be  to 
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take  some  standard  object,  of  specified 
size  and  mounted  an  agreed  distance 
above  a  wliite  surface,  situated  in  the 
Avorking  plane.  Illumination  readings  of 
the  shadow-contrast  might  then  be 
taken  and  supplemented  by  photo- 
graphs (naturally  taken  entirely  by 
the  hght  of  the  systetos  to  be  com- 
pared). At  the  present  moment  it  is 
not  proposed  to  give  any  detailed 
numerical  results,  but  in  order  to 
illustrate  the  method  we  have  repro- 
duced in  Figs.  23  and  24  two  photo- 
graphs taken  respectively  by  direct 
and  indirect  Mghting.  On  the  table 
will  be  seen  the  shadow-tester,  con- 
sisting of  a  small  sphere  and  a  disc  at 
the  end  of  a  rod.  Information  can  be 
gained  from  the  appearance  of  the  sphere 
itself,  as  well  as  the  shadoAV  cast  bj'  it. 

In  Figs.  25  and  26  we  have  an 
enlarged  view  of  the  shadow-tester. 
Only  one  central  light  (respectively 
direct  and  indirect)  was  used  in  each 
case.  The  illustration  shows  very 
clearly  the  difference  in  the  sliarpness 
of  the  shadoAvs. 

In  considering  the  ideal  shadoAV- 
conditions  to  be  aimed  at  most  people 
Avould  probably  suggest  that  one  ought 
to  imitate  daylight,  to  Avhich  indirect 
lighting  has  frec[uently  been  com- 
pared. On  broad  lines  the  majority 
might  agree  that  daylight  has  not  been 
excelled  by  any  system  of  artificial 
light.  Yet  it  Avill  be  obserA'ed  that 
the  nature  of  daylight  itself  Agarics 
quite  noticeably  according  to  climatic 
conditions.  Daylight  can,  therefore, 
be  studied  to  some  advantage,  and  it 
is  worth  noting  the  similarity  between 
various  kinds  of  daylight  and  the 
different  methods  of  artificial  lighting 
adopted  in  practice. 

For  instance,  on  a  bright  day  the 
direct  light  from  the  sun  is  about 
80  per  cent  of  the  total,  only  20  per 
cent  being  diffused  by  the  blue  sky. 
This  is  analogous  to  a  direct  tungsten 
or  inverted  mantle  source  equipped 
with  a  prismatic  reflecting  shade,  placed 
reasonably  high  up.  When  the  sun 
is  almost  hidden  behind  clouds  it  is 
quite  possible  for  the  conditions  to  be 
such  that  20  per  cent  only  of  the  total 
light  is  direct,  the  balance  of  80  per 
cent  being  diliused,  thereby  producing 


semi-indirect  fighting  conditions.  Again, 
if  the  sun  is  entirely  screened  by  clouds, 
Ave  liaA^e  conditions  almost  analogous  to 
artificial  indirect  lighting. 

We  think  that  it  is  easy  to  over-rate 
the  supposed  comfort  produced  by 
total  indirect  or  diffused  lighting. 
ProA^iding  the  sun  is  not  shining  directly 
in  one's  eyes,  a  bright,  sunny  day  Avith 
a  rich   blue  sky  is  really  less  glaring 
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Fig.  21.— Distribution  of  illumiuatiou   below 
one,  two,  three  and  four  mantles. 
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Fro.   22.— Same  curves  reduced    to  common 
value  at  zero. 
No.  1  curve       one  mantle. 
No.  2     „  two  mantles. 

No.  3     „  three  mantles. 

No.  4     ,,  three  mantle^  (with  reflector). 

than  a  bi'ight,  cloudy  da}',  for  the 
reason  that  in  tlie  case  of  the  latter 
the  luminous  area  is  so  great  that  one 
cannot  gain  any  protection. 

The  difticulty  A\dth  artificial  hgliting 
in  practice  is  to  reproduce  the  best 
direct  daylight  conditions  with  the 
means  at  our  disposal.  Artificial  direct 
systems  should,  in  order  to  compare 
favourably  Avith  direct  dayhght,  comply 
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approximately  witli  the  following  con- 
ditions : — 

(a)  Give  relief  from  glare   for  all 
normal  positions  of  the  eyes. 


(e)  Produce  single  shadows,  or  one 
intense  shadow  surroimded  by  very- 
soft  ones.  Intense  shadows  should 
always  be  thrown  in  a  harmless 
direction. 


Fig.  23.— Showing  shadow-tester  illuminated  by  direct  light. 


(6)  Distribute  over  the  lower  hemi- 
sphere 80  per  cent  of  tlie  light. 

(c)  Diffuse   into   the   upper   hemi- 
sphere 20  per  cent  of  the  light. 

(d)  Give   fairly   uniform   illumina- 
tion over  the  working  planes. 


(/)  Give  "a  horizontal  illumination, 
and  surface  brightness  in  excess  of 
the  average  value  for  the  walls  and 
other  upright  surroundings. 

(g)  Give  as  far  as  possible  an 
equivalent  colour-value. 
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These  are  important  points  to  bear 
in  mind  in  connexion  with  all  kinds  of 
shades,  as  their  influence  on  the 
intensity  of  shadows,  &c.,  can  be  very 


stanchions.      These     are,    as    a     rule, 
arranged   to   suit   dayhght   conditions. 
Low  ceilings  are  another  difhculty. 
It  will  be  conceded  that,  as  matters 


Fig.  24. — Showing  gliadow-tester  illuiiiiiKitud  by  iiulii'Lct  illumiuaticn. 


great.     One  crucial  difficulty  that  direct  stand,  indirect,  semi-indirect,  and  well- 

Sghting  systems  (otlier  than  local  point  shaded  local  ligliting,  with  a  low  value 

lighting)  uieet  with  is  the  arrangement  of    general    ligliting,    are    all    methods 

of  the  furniture,  and,  in    the   case   of  which  have  undoubted  advantages  in 

workshops  and  factories,  columns  and  certain  circumstances. 
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It  is  well  to  realize  that  the  use  of  a 
number  of  extended  direct  sources, 
covering  a  considerable  area,  does 
materially  diminish  the  sharpness  of 
shadows  and  the  possibility  of  glare 
from  shiny  surfaces.  The  suppression 
of  these  defects  is  not  solely  an  attri- 
bute of  indirect  lighting ;  in  fact, 
there  is  more  scope  for  the  improve- 
ment of  direct  methods  of  lighting, 
with  a  \aew  to  producing  soft  shadows, 
than  some  recent  expressions  of  opinion 
in  this  room  might  suggest. 

It  is  a  frequent  misconception  to 
think  that  cloudy  daj^hght  or  indirect 
artificial  Ughting  is  perfectly  "  dif- 
fused "    and   shadowless   lighting.     An 


Fig.  25.— Larger  view  of    shadows  cast  b^- 
single  direct  unit  in  centre  of  room 


Fig.  2G. — Larger  view  of  shadows  cast  by 
single  indirect  unit  in  centre  of  room. 

object  is  usually  illuminated  partly  by 
direct  light  from  the  sky  and  partly 
by  reflected  light  from  the  walls  and 
ground,  sometimes  receiving  the  major 
portion  of  its  illumination  from  the 
skj^,  and  sometimes  vice  versa,  this 
varying  proportion  causing  the  gradi- 
ents of  light  and  shade  which  give 
perspective  to  the  object.  If  no  such 
gradient  of  light  and  shade  existed, 
we  should  have  no  visual  conception  of 
a  third  dimension,  and  architecture 
would  have  no  existence. 

The  question  may  be  raised.  What 
is  meant  by  '"  diffused  "  lighting  ? 
Some  use  this  term  in  connexion  with 
the  brightness  of  shades,  and  say  that 


good  diffusion  is  produced  when  all 
parts  of  the  shade  appear  equally 
bright,  and  the  intrinsic  brilliancy 
does  not  exceed  a  certain  value  per  unit 
area.  On  the  other  hand,  Luckiesh 
says : — 

•'  The  uniformity  of  the  distribution 
of    illumination    about    a    point    is 
useful  as  a  jueasure  of  the  degree  of 
diffusion  of  light  at  that  point." 
It  is,  therefore,  evident  that  "  shade 
diffusion  "     and     "  illumination    diffu- 
sion "    should    be    distinguished    from 
one  another,  and  should  both  receive 
consideration. 

One  Avould  conceive  that  perfect 
illumination  diffusion,  in  the  sense  of 
the  definition  given,  is  only  obtainable 
inside  an  LTlbricht  sphere,  and  it  is 
worth  bearing  in  mind  that,  even  in 
this  case,  an  irregular  uiatt  white 
object  Avould  not  appear  uniformly 
bright  ;  in  other  words,  the  object 
would  have  both  depth  and  perspec- 
tive. With  cloudy  daylight  or  indirect 
artificial  hgliting  it  is,  at  most,  only 
the  upper  hemisphere  which  acts  as 
the  source  ;  consequently,  real  shadow- 
less lighting  is  fortunately  unknown  in 
practice.  We  say  fortunately,  be- 
cause such  a  state  of  things  would 
be  unbearable.  It  would  give  us  no 
visual  conception  of  a  third  dimension. 
With  this  comment  we  may  bring 
the  paper  to  a  close.  As  explained  a.t 
its  commencement,  it  has  been  found 
necessary  to  omit  entirely  certain 
sections  of  the  subject.  The  use  of 
shades  and  reflectors  in  connexion  with 
high-power  lighting  (electric  arc  lamps, 
high-pressure  gas,  &c.)  has  not  been 
touched  upon,  although  it  is  fully 
realized  that  the  need  for  improved 
methods  of  shading  is  quite  as  great 
in  this  section  as  in  the  case  of  low- 
power  ligliting.  Much  of  what  has 
been  said  will,  however,  be  found  to 
apply  to  both  branches  of  illumination. 
It  has  been  the  aim  of  the  authors 
to  proceed  on  broad  general  lines,  and 
most  of  the  diagrams  have  been  selected 
to  illustrate  some  fundamental  prin- 
ciple. We  have  also  thought  fit  not 
to  include  photographs  of  installations 
within  the  body  of  the  paper,  but  several 
will  be  found  in  the  Appendix.  These 
have    been    selected    merely    because 
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they  seem  to  illustrate  aptly  some  of 
the  points  referred  to  in  the  paper,  as 
well  as  being  somewhat  exceptional 
installations  likely  to  interest  members 
of  the  Society. 

APPENDIX    I. 

Although  not  directly  connected  with 
the  subject  of  the  paper,  the  two  j^hoto- 
graphs  appended  herewith  might  prove 
useful  as  illustrating  two  interesting 
aspects  of  artificial  illumination. 

Fig.  1  shows  an  installation  of  high- 
pressure    incandescent    gas    for    the    illu- 


Each  court  is  illuminated  by  ten  Keith 
high-pressiu*e  1500  c.-p.  inverted  gas 
lamps,  one  over  each  of  the  serving  lines 
and  four  along  each  side  of  the  com-t. 

The  lamps  over  the  serving  lines  are 
of  a  focussing  type,  mirrored  glass  being 
used,  and  the  shades  are  sufficiently  deep 
to  completely  obscure  the  source,  except- 
ing, of  coiu-se,  near  the  vertical  Ime. 

The  special  featm-e,  however,  is  the 
general  illumination  of  the  court,  and 
for  this  i^urpose  the  lamps  along  each  side 
are  equij^ped  Math  a  special  type  of 
reflector,  the  character  of  which  may  be 
seen    from    the    photograph.     It    is    of 
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-View  of  liigh  pressvu-e  gas  ligliliug  installation  at  Dulwich  covered  lawu  tennis  courts 
showing  special  methods  of  shadins;. 


mination  of  the  covered  tennis  courts 
at  Dulwich.  Ilie  lighting  as  now  ar- 
ranged is  regarded  by  the  players  as 
highly  satisfactory,  but  a  considerable 
amount  of  experimental  work  was  neces- 
sary before  the  final  conditions  were 
arrived  at.  Naturally  the  players  judge 
tlie  lighting  upon  proconcei\-cd  standards 
founded  on  their  daylight  experiences, 
and  this  no  doubt  accounts  for  the  neces- 
sity for  the  preliminary  ex])erimental 
work  that  was  carried  out.  However, 
the  results  now  obtained  will  be  of  great 
value  in  j^ilanning  future  installations 
of  a  similar  character, 


equilateral  triangular  form.  In  the  case 
of  the  lam])s  nearest  the  net  the  square 
opening  m  the  reflector  is  unobscured, 
but  the  lamps  nearer  the  serving  line  are 
partiaUy  obscured  by  opal  glass,  to 
prevent  direct  rays  from  the  mantle 
reaching  the  ej'-es  of  the  players. 

One  of  the  advantages  of  the  present 
system  of  lighting  is  that  the  fiiglit  of  the 
ball  can  be  watclied  in  all  positions  with- 
out any  appreciable  glare  effect  from  the 
lamps,  while  at  the  same  time  the  illu- 
mination is  adequate  and  imiform,  being 
about  3.^  foot-candles  within  tlie  playing 
area  of  the  court. 
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The  great  diffusion  of  the  light  in  the 
present  installation  reduces  to  a  minimimi 
the  shine  effect  of  the  floor.  The  boards 
natiu-ally  get  very  smooth  by  the  friction 
of  the  players'  shoes,  and  the  shine  would 
probably  be  a  disadvantage  with  a  less 
diffusing  method  of  illiunination. 

The  installation  is  interesting  as  show- 


Mary's,  Stoke  Newington.  The  structiu'e 
is  a  very  beautiful  one,  and  is  designed 
on  the  lines  of  Salisbury  Cathedral. 
The  installation  is  of  a  simple  character, 
slightly  opalescent  shades  being  used,  and 
tha  fixtures  arranged  along  the  centre 
of  the  aisle. 

It  would   seem   that   the   utmost  sim- 


FiG.  2.- 


-Showing  lighting  of  Sf.  >rarys  Church,  Stoke  Newington 

are  used. 


r-iuiple  ujiAlejcent  shades 


ing  how  the  requirements  of  a  particular 
problem  may  be  met  by  the  use  of  special 
reflecting  shades.  These  shades  were 
designed  by  the  staff  of  the  South  Metro- 
politan Gas  Company. 

The  second  photograpli  shows  an  instal- 
lation of  low-pressure  upright  incan- 
descent   gas    lighting    in    a    church — St. 


plicity  is  desirable  in  arranging  the  light- 
ing of  a  chiu"ch. 

The  light  in  this  case  is  well  diffused, 
and  brings  out  the  features  of  the  structure 
very  well  indeed. 

The  illumination  on  a  j^lane  corre- 
.spondingwiththereading  position  of  a  book 
is  about  1|  foot-candles,  and  this  appears 
to  be   quite  sufficient  for  the  purpose. 


APPENDIX    II. 

The  illustration  sho'o-n  in  Fig.  1  has 
been  reproduced  as  showing  the  advant- 
ages and  drawbacks  of  shades  of  the 
ordinary  silk  pattern.  The  general  effect 
in  this  case  might  well  be  considered 
pleasing  and  decorative,  and  the  metal 
filament  lamps   are   completely  screened 


from  the  eye  by  the  conical  shades.  On 
the  other  hand,  the  fact  that  the  maxi- 
mum candle-power  from  the  filaments 
(emitted  horizontally)  occurs  at  just  the 
place  where  the  silk  is  interposed  must 
lead  to  a  considerable  loss  of  light.  In 
this  case  efficiency  is  not  very  important, 
but  the  illiunination  (only  |ft.  candles), 
is  on  the  low  side,  and  might  have  been 
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Frcj.  l._ll]„„,inatinn  of  a  drawin-rooin  with  silk  sha.Jes 
(Note  bright  patches  of  light  on  Ihe  ceiling  above  shades.) 
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considerably  increased  had  some  fonn 
of  shade  with  good  directive  power  been 
used.  It  is  sometimes  a  good  plan  in 
such  cases  to  use  translucent  reflectors 
under  the  silk  shade  ;  these  concentrate 
sufficient  light  dowTiwards,  but  transmit 
enough  to  illuminate  the  silk  surface. 

Another  result  of  the  use  of  shades  of 
this  tyioe,  Mhich  absorb  a  great  deal  of 
light,  is  that  the  ceiling  is  imevenly 
ilhmitnated.  Above  each  sliade  will  be 
observed    a   bright    ring    on    the    ceiling. 


shadows,  and  having  a  low  intrinsic 
brilliancy  wliich  is  considered  to  require 
no  shading.  On  the  other  hand  one  can 
imagine  that  a  suitable  reflector  fitted 
above  the  tube,  and  throwing  much  of  the 
light  downwards,  would  also  be  ad- 
vantageous in  some  cases.  The  question 
of  sliades  and  reflectors  for  tubular  sources 
of  light  is  an  interesting  one  that  has 
not  been  considered  to  any  great  extent 
as  yet ;  there  would  apj^ear  to  be  con- 
siderable possibilities  for  such  appliances 


Fig.  2. — View  of  new  Moore  lighting  installation  at  the  Central  London  Railway,  Liverpool 
Street  Station. 


Had  the  .shades  been  entirely  opaque 
this  effect  would  have  been  still  more 
marked.  ^Vlaen  opaque  shades  are  used 
for  general  lighting  care  is  often  needed 
to  avoid  an  abrupt  transition  from  bright- 
ness to  shadow  roimd  the  walls  of  the 
room. 

Fig.  2,  a  photograph  of  the  Moore 
light  installation  at  Liverpool'  Street 
Station,  is  included  merely  as  an  illus- 
tration of  a  somewliat  novel  and  a  highly 
diffused  method   of  lighting  giving   soft 


in  connexion  with  the  lighting  of  extensive 
vertical  surfaces.  The  "  LTnifiux  "  re- 
flector designed  by  one  of  the  authors 
in  conjimction  with  Mr.  S.  D.  Chahners* 
is  an  example  of  this  type  of  reflector. 
Although  api^arently  simple  in  con- 
struction, it  affords  a  somewhat  com- 
plicated problem  in  direct  reflection,  the 
solution  of  which  demanded  higher 
mathematics. 


See  lUum.  Eng.,  Lond.,  vol.  iv.,  1911,  p.  145, 
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Discussion. 


The  Chairman  expressed  his  interest 
in  the  variety  of  points  touched  on 
in  this  paper.  The  suggestion  that 
there  should  be  a  discussion  on  bad 
examples  of  lighting  was  a  good  one, 
and  no  doubt  the  Council  would  consider 
such  a  discussion.  But  was  it  not 
proba])le  that  it  would  resolve  itself 
into  a  discussion  on  shades  and  re- 
flectors or  their  absence  ?  It  was 
usually  the  misplacing  or  absence  of 
shades  and  reflectors  that  led  to  bad 
lighting.  This  led  to  the  question  of 
damage  to  eyesight,  which  was  one  of 
the  most  important  Avitli  wliich  the 
Society  could  deal.  It  was  astonishing 
nowadays  to  see  the  large  proportion 
of  young  cliildren  and  grown-up  people 
who  wore  spectacles. 

The  indifference  of  the  average  user 
to  the  cleanliness  of  his  lamps  and 
shades  was  also  quite  remarkable.  It 
was  no  use  putting  lamps  in  good 
positions  if  they  %vere  left  there  un- 
tended  until  the  light  became  so 
extremely  bad  that  nobody  would 
stand  it  any  longer. 

The  suggestion  that  makers  should 
give  polar  curves  with  all  their  lamps 
in  future  was  one  which  would  be 
cordially  welcomed,  and  they  would 
be  all  the  more  valuable  if  these  curves 
were  prepared  by  some  independent 
testing  laboratory,  as  there  was  always 
a  temptation  to  makers  to  exaggerate 
even  polar  curves.  It  was  very  neces- 
sary that  something  better  than  the 
very  vague  definitions  of  candle-power 
now  used  by  makers  sliould  be  given. 

He  agreed  with  the  authors  that  the 
value  of  indirect  lighting,  as  compared 
with  direct  lighting,  was  frequently 
over-estimated.  Another  point  was 
that  reflection  off  Malls  and  ceilings 
might  tend  to  colour  the  light,  and  it 
would  ])e  rather  interesting  if  some 
experiments  could  be  carried  out  as  to 
the  effect  upon  the  possi])iIities  of  colour 
discrimination  •with  indirect  lighting, 
as  distinct  from  direct  lighting,  using 
the  same  illuminant.  Was  there  any 
difference  in  the  power  to  discriminate 
colours  with  one  system  as  compared 
with  the  otlier  ? 


Mr.  John  Darch  said  he  wished  to 
thank  Messrs.  Clark  and  Mackinney 
for  their  excellent  paper  on  the  use  of 
shades  and  reflectors.  It  had  both 
pleased  and  disappointed  him.  It  had 
pleased  liim  because  it  contained  so 
many  good  thoughts  and  such  a  useful 
series  of  painstaldng  tests  of  the  effects 
of  the  market  tj^es  of  shades  to  enrich 
the  Journal  as  a  reference  book,  but  had 
disappointed  him  because,  in  his  opinion, 
the  real  duties  of  a  shade  did  not  appear 
to  be  sufficiently  appreciated. 

The  elementary  fact  in  shading  was 
that  the  eye  could  not  stand  a  brilhant 
light.  Was  it  not  a  fact  that  one  of 
our  most  constant  occupations,  con- 
scious and  unconscious,  was  that  of 
dodging  the  stings  of  exposed  lights  ? 
The  counter-fact  was  that  light  is 
healthy  and  desirable.  Did  we  not 
naturally  gra\itate  to  the  Hghter  end 
of  a  room  ? 

Light  is  both  good  and  bad  for  us. 
The  fire  that  burns  our  fingers  to-day 
is  the  same  fire  that  cheered  us  yester- 
day, and  will  cheer  us  again  to-morrow. 
The  beneficial  use  of  these  things 
needed  but  a  little  common-sense. 
We  wanted  a  shade  that  would,  at  the 
same  time,  protect  us  from  the  danger- 
ous intensity  of  a  light  source,  and  yet 
permit  the  distribution  of  its  bene- 
ficent rays.  A  shade  tliat  unnecessarily 
blocked  light  was  Avasteful  and  un- 
healthy. And  yet,  Avhat  did  A\e  find 
in  the  houses  of  our  friends,  and  stacked 
up  in  thousands  in  the  shade-makers' 
warehouses  ?  Glass  shades  that  for 
the  most  part  Avere  misnomers  !  He 
was  referring  to  shades,  not  reflectors. 
The  transparent  kinds  were  useless, 
for  they  did  nothing,  while  they  were 
doubtful  ornaments.  The  translucent 
kinds,  such  as  opal,  the  double-frosted, 
and  the  prismatic  glass  did  modify 
the  light,  but  in  most  cases  they  left 
too  bright  a  spot  before  the  eyes.  The 
intrinsic  brilUancy  of  the  shade  surface 
should  not  exceed  one-tenth  of  a 
candle-poMcr  per  square  inch.  This, 
of  course,  is  de])endent  u]xin  the  bright- 
ness of  the  background,  for  contrast 
is  a  physiological  problem,  and  Prof. 
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Weber  deprecates  a  stronger  contrast 
than  1  in  100.  Bare  lights  or  brilHantly 
inuininated  shades  would  bring  the 
contrasts  to  an  enormously  higher 
figure  than  this.  The  ideal  was  that  a 
shade  should  not  be  brigliter  than  the 
background,  and  this  may  be  attained 
by  the  use  of  semi-opaque  shades  of 
dense  glass,  earthenware,  silk,  &c. 

Several  references  had  been  made  to 
the  decorative  purposes  of  shades. 
There  is  a  prevailing  impression  that 
utility  means  ugliness  and  ornament 
means  usefulness.  Unfortunately,  we 
frequently  concede  the  application  of 
fittings  and  accessories  that  are  useless 
for  the  sake  of  ornament,  and  in  doing 
this  we  put  art  in  a  false  position. 
Beauty  in  a  thing  is  a  convention 
arising  out  of  its  adaptability  to  a 
pur[)Ose.  The  unconventional  is  always 
deemed  ugly  at  first  and  beautiful  later. 
If  we  aim  at  simple  utiHty,  art  wdll 
soon  enough  enthrone  its  forms. 

The  authors'  introduction  to  their 
paper,  Mr.  Darcli  added,  was  a  capital 
survey  of  the  situation.  But  he  would 
like  to  draw  attention  to  another 
remark  in  the  second  definition  (page 
129).  The  definition  itself  was  all  that 
could  be  desired,  but  the  parenthetical 
explanation,  in  which  it  is  stated  that 
the  light  should  be  so  directed  as  to 
reduce  the  illumination  on  the  upper 
part  of  the  room  (again  referred  to  near 
the  end  of  the  paper  as  20  per  cent 
on  the  upper  half,  and  SO  per  cent  on 
the  lower  half),  had  better,  he  thought, 
either  been  omitted  or  further  ex- 
plained. He  mentioned  this,  as  he 
knew  that  the  authors  had  advocated 
the  same  view  elsewhere.  They  as- 
sumed that  all  rooms  are  to  be  con- 
sidered as  having  a  working  plane,  as 
though  they  were  offices,  schools,  or 
workshops.  This  is  all  very  well  where 
the  usual  working  plane  is  an  actual 
or  virtual  necessity,  but  it  is  a  mistake 
to  apply  this  principle  to  every  room, 
for  concert -rooms,  ball-rooms,  drawing- 
rooms,  and  many  others  are  best 
illuminated  in  such  a  way  that  the 
ceiling  and  upper  walls  are  at  least 
as  highly  illuminated  as  the  lower 
parts.  Diffusion  is  thereby  better  ; 
objects  appear  more  natural,  and 
the  general  good  effect  is    enhanced. 


It  was  only  on  the  previous  evening, 
IVIr.  Darch  continued,  that  he  Avent  to 
the    ^olian    Hall,    Bond     Street,    for 
the  first  time  since  the  alteration  in 
the   lighting,   and   \\'as   dehghted  with 
the  charming    effect    produced  by  the 
stronger  and  special  illumination  of  the 
ceihng.  although  there  are  many  points 
in  it  that  might  be  improved  upon  in 
point  of  economy  in  lighting.     During 
the  course  of  liis  remarks,  IVIr.  Darch 
demonstrated  on  the  screen  a  method 
of  shading  aa  hich  would  meet  the  points 
raised  in  the  early  part  of  his  remarks. 
The   diagram   showed   a   section   of   a 
room  with  bracket  fighting,  shaded  by 
small  semicircular  silk  shades  in  front 
of  the  fight  source.     He  pointed  out  that 
in  standing  or  sitting  one's  eyes  were  no 
higher  than  5  ft.   6  in.   or  lower  than 
3  ft.    6  in.     Consequently,    the   peram- 
bulation   of   the    eye    was    within   the 
central  shaded  space,  and  it  was  un- 
necessary to  shade  any  more  than  that 
portion.     The  result  was  that  a  person 
could  sit  immediately  under  the  lamps 
and  read  ^dth  the  full  illumination  on 
the  book,  whilst  the  walls  and  ceihngs 
were  also  well  illuminated  without  any 
glare  effects. 

The  expression  "  white  glass  "  used 
in  connexion  with  Figs.  14,  15,  and  16 
should  be  more  precisely  defined,  as 
the  context  does  not  make  it  clear 
whether  clear  glass,  frosted  glass,  or 
opal  be  intended,  and  there  is  an 
important  difference  in  their  behaviour. 
Not  the  least  useful  part  of  the  paper 
was  the  explanation  given  of  the  zonal 
emission  of  light  at  various  angles. 
The  statement  is  made  that  if  the  c.-p. 
of  a  source  is  the  same  at  all  angles, 
the  photometric  value  of  the  fight  is 
greater  within  the  lower  angles  than 
the  higher — ^as  much  as  2^  times  is 
stated.  This  is  not  so  in  fact.  He 
thought  it  should  be  made  clear  that 
the  difference  is  simply  the  difference 
of  the  area  of  the  various  zones.  The 
light  from  a  similar  solid  angle  must 
be  the  same  whatever  the  direction  it 
takes,  and  the  same  remarks  made 
by  the  authors  would  be  equally 
applicable  were  the  equator  vertical 
and  the  poles  horizontal. 

In  conclusion,  Mr.  Darch  said  that, 
although     he     had    found     something 
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to  criticize,  he  appreciated  the  pains 
that  had  been  taken,  and  he  was  sure 
the  paper  would  be  greatly  appreciated 
by  all  readers  of  the  Journal  as  well 
as  those  present. 

Mr.  Arthur  Blok  -welcomed  the 
paper  as  dealing  with  a  subject  in 
which  there  is  great  need  of  information, 
not  only  among  those  concerned  in 
installing  hght,  but  also  among  those 
using  it.  He  supported  strongly  the 
Chairman's  view  that  manufacturers  of 
fittings  might  do  a  great  deal  more 
towards  supplying  polar  intensity  curves 
indicating  the  performance  of  their 
wares  :  the  polar  curve  should  be  as 
important  an  integer  in  trade  Hterature 
as  photographs  of  the  shades  and  re- 
flectors to  which  they  belong,  and  he 
looked  forward  to  the  time  when 
manufacturers  and  vendors  would  freely 
follow  the  example  of  those  who  had 
already  begun  in  this  direction.  At 
present  we  have  the  anomaly  of  a  con- 
sumer protesting  strongly  at  an  increase 
of  a  penny  per  thousand  feet  of  gas — 
a  matter,  perhaps,  of  3  per  cent  on  his 
bill — while  he  is  quite  unable  to  ascer- 
tain whether  his  globes  waste  3,  10, 
or  30  per  cent  of  the  light  for  which 
he  pays. 

He  appreciated  the  very  great  amount 
of  work  which  must  have  been  entailed 
by  the  authors  in  getting  together 
the  collection  of  curves  shown  in  the 
paper,  but  he  felt  that  the  paper  might 
be  still  improved  by  the  addition  of 
further  numerical  data.  With  Mr. 
Mackinney's  careful  methods,  there 
must  be  behind  those  curves  a  vast 
supply  of  valuable  data,  such  as  mean 
spherical  and  hemispherical  values, 
absorption  coefficients,  &c.,  and  he 
hoped  that  some  of  this  was  not  put  on 
record. 

He  deprecated  the  use  of  the  single 
term  "  shade  "  for  all  devices,  in  view 
of  the  available  terms  "  globe,"  "shade," 
and  "  reflector."  There  seemed  room 
for  more  accurate  definition  here  :  thus 
"  reflector  "  might  be  limited  to  a  device 
which  redistributes  light  by  reflection, 
"  screen,"  or  ''  sh.ade  "  to  one  which 
reduces  light  l)y  direct  interposition, 
and  "  globe  "  to  one  which  redistri})utes 
by  transmission.     Although  these  three 


functions  obviously  may  overlap  in  a 
given  device,  they  might  afford  the 
working  basis  for  a  classification. 

He  pointed  out  the  all-round  need 
for  more  data  regarding  "  fancy " 
shades,  &c. — i.e.,  those  having  an 
element  of  ornament  as  distinct  from 
strictly  utilitarian  designs.  These  pro- 
bably constitute  the  majority  of  the 
devices  sold  at  the  present  time,  but 
the  difficulty  of  any  organized  testing 
of  such  varied  and  numerous  products 
seems  to  have  stood  in  the  way  of  their 
investigation.  There  is,  without  doubt, 
ample  need  and  room  for  systematized 
work  in  this  connexion.  He  asked  the 
authors  to  describe  the  method  employed 
in  deriving  the  curves  shown  in  the 
paper  ;  his  own  method  was  the  use  of 
a  form  of   three-mirror  rotator,  which 
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Fiii.  1. 

gave  very  good  results .  Tiie  preparation 
of  such  curves  by  makers  or  otiiers 
clearly  must  rest  upon  the  availability 
of  suitable  and  rehable  apparatus. 
The  thing  must  be  got  beyond  the 
lal)oratory  stage. 

The  humps  referred  to  by  the  authors 
on  the  curves  in  Figs.  J  2a  and  13 
were  evidently  due  to  specular  action, 
and  the  effect  may  bo  observed  easily 
by  walking  under  any  glazed  cone 
while  looking  up  into  it.  In  the  ap- 
pended curves  (Fig.  1)  the  effect  is 
shovvn  at  h,  the  curves  A  and  B  being 
the  distribution  given  by  a  card  cone 
with  and  without  the  addition  of  a 
three-inch  p(>lticoat,  used  with  a  metal 
filament  lauip  which  gives  the  dotted 
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polar  ciirve  when  bare.  In  testing  a 
certain  9  in.  by  3  in.  opal  cone,  he 
had  found  the  candle-power  increase 
suddenly  from  23  to  47  Avithin  an  angle 
of  only  5  degrees,  giving  an  ex- 
tremely sharp  local  projection  on  the 
curve.  When  the  inside  of  this  cone 
was  etched  with  lij'dro  fluoric  acid, 
however,  the  projection  vanished,  thus 
showing  its  specular  origin.  Reflectors 
with  this  characteristic  obviously  tend  to 
give  a  "  spotty  "  ground-illumination. 
He  exemphfied  the  importance  of  correct 
centring  of  prismatic  reflectors  with 
regard  to  the  light  by  some  curves 
showing  the  effect  of  raising  a  focussing 
and  an  intensive  reflector  through  f  in. 
AA-ith  regard  to  the  lamp.  In  the  former 
case,  the  whole  focussing  effect  was  lost, 
and  he  had,   moreover,  found  indica- 


FlG.  2. 

tions  of  an  actual  loss  of  light.  Could 
the  authors  endorse  this  loss  ?  He 
pointed  out  that  the  ordinarily  accepted 
absorption  values  for  clear  glass  must 
be  applied  with  caution  to  globes  used 
\\ith  flame  sources.  An  upright  gas 
mantle  (Fig.  2)  gave,  when  bare,  the 
dotted  curve  A,  but  when  a  clear 
cylindrical  chimney  was  added  the 
curve  became  inflated,  as  shown  at  C. 
By  a  separate  test  this  chimney  was 
found  to  absorb  about  4  per  cent  of 
the  light  passing  through  it,  but  its 
effect  upon  the  temperature  of  the 
mantle,  and  possibly  also  upon  the  gas 
mixture,  was  such  as  to  produce  a  net 
increase  of  36  per  cent  in  tlie  light  flux. 
This     intensive     effect    is    practically 


absent  when  a  "  normal  "  clear  glass 
chimney  vrith.  air-holes  is  employed. 
The  curve  B  shows  the  effect  of  using 
such  a  cliimney  on  the  same  mantle 
in  identical  conditions  to  those  obtain- 
ing when  the  plain  cylinder  was  used. 
The  inrush  of  cold  air  at  the  holes 
appears  verj^  approximately  to  counter- 
act any  thermal  screening  which  the 
upper  part  of  the  c\^linder  may  exercise 
upon  the  mantle,  and  the  flux  is  hardly 
increased  at  all. 

]Me.  Frank  Bailey  referred  to  the 
authors'  definition  of  one  function  of  a 
shade,  namely,  the  screening  of  the 
source  of  hght  from  the  eye  and  the 
avoidance  of  glare,  and  remarked  that 
very  few  of  the  shades  \\-ith  which  the 
authors  had  experimented  conformed 
to  this  first  principle.  It  was  for  tliis 
reason  that  he  thought  there  seemed 
to  be  some  confusion  of  ideas  in  the 
use  of  the  terms  "  shades  "  and  "  re- 
flectors "  ;  because  all  shades  A\ere  not 
reflectors,  and  all  reflectors  were  not 
shades.  One  of  the  chief  difficulties 
with  many  shades  was  that  of  keeping 
them  clean,  as  only  by  this  means 
could  the  best  results  be  maintained. 
At  present  some  of  the  best  shades  were 
the  most  difficult  to  handle  in  this 
respect. 

He  wished  the  paper  had  dealt  with 
the  question  of  bowl  lighting,  by  which 
he  did  not  mean  indirect  lighting,  but 
something  in  the  nature  of  semi-indirect, 
which  was  noAV  becoming  very  common, 
and  which  he  felt  confident  would 
very  shortly  replace  a  large  number 
of  fittings  at  present  emploj^ed.  As 
soon  as  it  was  reahzed  that  what  was 
wanted  was  good  illumination  below 
the  light  rather  than  brilliancj^  in  the 
sources  themselves,  bowl  lighting  would 
come  into  very  common  use  indeed. 
An  objection  was  that  the  bowls 
now  made  were  small  in  size,  and 
were  limited  to  about  14  in.  dia- 
meter, and  when  dealing  Mdtli  a  large 
room  such  a  size  was  useless,  because 
it  would  need  a  large  number  of  these 
bowls  looking  like  balloons  hanging 
all  round  the  room.  The  difficulty  at 
present  in  making  large  bowls  of  glass 
"was  one  of  weight,  and  there  was  great 
scope  for  a  manufacturer  to  take  up 
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the  question  of  making  such  bowls  in 
sections. 

Probably  glass  and  porcelain  were 
not  the  only  materials.  There  was 
gelatine  and  compressed  tissue-paper, 
which  might  very  well  be  worked  up, 
and  if  this  were  done,  possibly  very 
large  and  indestructible  bowls  could 
be  made.  We  were  entirely  dependent 
on  the  manufacturers  of  glass,  and 
this  was  a  subject  which  was 
receiving  little  attention  in  England  at 
present.  We  seemed  to  be  content  to 
order  it  in  any  quantities  from  Hungary, 
Germany,  and  the  United  States.  One 
would  like  to  see  the  English  glass - 
makers  devoting  more  attention  to  the 
growing  demand  for  ornamental  glass 
of  a  character  that  did  not  absorb  too 
much  light.  It  would  be  beneficial 
both  to  the  Society  and  to  the  glass- 
makers  if  they  could  get  into  touch 
with  each  other,  so  that  a  glass-maker 
could  learn  exactly  what  was  required. 

Pkof.  J.  T.  Morris  said  it  would 
be  most  valuable  if  makers  of  shades 
and  reflectors  would  give  in  their  cata- 
logues polar  diagrams  of  the  distribu- 
tion of  light  brought  about  by  their 
shades,  though  this  would  be  a  difficult 
matter  owing  to  the  divergence  of 
outline  of  the  various  sources  of  light 
in  use. 

Commenting  on  the  general  disregard 
of  the  principles  which  should  be  applied 
in  good  lighting,  he  mentioned  three 
cases  which  had  come  under  his  notice 
on  the  way  to  the  meeting :  first,  in  a 
tramcar,  which  was  illuminated  with 
bare  metal  filament  lamps  having  no 
reflectors  ;  second,  in  a  restaurant, 
where  bare  metal  filament  lamps  were 
again  used,  but  with  shades  of  such  a 
nature  that  he  felt  certain  that  they 
were  absorbing  at  least  40  per  cent  of 
the  light,  without  even  having  the 
merit  of  being  ornamental  ;  Thirdly, 
in  a  train  whicli  was  illuminated  witli 
carbon  filament  lamps,  non-frosted, 
with  shades  or  reflectors  of  opal,  placed 
high  above  the  sockets  of  the  lamps, 
which  did  nothing  but  screen  a  small 
portion  of  the  ceiling  and  reflect  an 
exceedingly  small  part  of  the  light. 
There  was  a  tremendous  amount  of 
work  to  be  done  in  the  May  of  educating 


the  public,  and  even  the  engineering 
world  with  regard  to  the  proper  use  of 
shades  and  reflectors. 

The  common  oil  lamp  used  so  much 
in  domestic  lighting  had  been  men- 
tioned in  the  paper.  Here,  again,  no 
serious  attempt  had  been  made  at 
scientific  shading,  and  as,  in  his  opinion, 
the  oil  lamp  still  had  a  future  before  it, 
he  thought  that  much  useful  work  could 
be  done  if  the  makers  of  shades  for 
these  lamps  took  the  question  seriously 
in  hand. 

Mr.  H.  C.  Wheat  showed  two  slides 
illustrating  bowl  reflectors,  with  de- 
polished  surfaces,  which,  he  said,  illus- 
trated the  possibility  of  producing  an 
efficient  reflector  of  this  nature.  He 
welcomed  the  authors'  serious  attempt 
to  deal  with  the  definition  of  shadow- 
density.  A  good  deal  was  heard  about 
the  intensity  of  the  illumination,  but 
that  was  only  one  factor  in  shading, 
and  the  authors'  Figs.  25  and  26 
showed  the  enormous  advantage,  so 
far  as  shadow  was  concerned,  to  be 
obtained  by  indirect  over  fully-direct 
lighting.  He  beheved  the  authors  would 
admit  that  the  greater  the  amount  of 
light  reflected,  and  the  lesser  the  amount 
coming  direct,  the  better  the  sliadow 
effect.  This  did  not  seem  to  bear  out 
the  authors'  recommendation  of  fully- 
direct  lighting  as  against  semi-direct 
lighting. 

As  regards  daylight,  he  could  not 
suppose  the  authors  seriously  sug- 
gested that  bright  sunhght  was  a 
suitable  working  or  reading  fight. 
At  any  rate,  it  was  not  obtained  in- 
doors, and  it  was  indoors  that  most 
people  had  to  work.  It  was  generally 
recognized  that  the  sun  behind  clouds 
gave  the  best  indoor  light  possible. 
The  authors  seemed  to  suggest  that  it 
was  trjdng  to  the  ej^e,  but  Mas  only  so 
Avhen  one  looked  out  of  the  window 
at  the  source  of  light,  and  he  believed 
that  all  M'ho  Avere  members  of  the 
Society  kncAV  that  sources  of  light 
Mere  not  meant  to  be  looked  at . 

Mr.  Haydn  T.  Harrison  remarked 
tliat  in  order  to  comply  with  the  sug- 
gested degree  of  brilliancy,  namely, 
2i    c.-p.    per    square    inch,    it    Mould 
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often  be  necessary  to  have  a  globe  of 
considerable  area.  For  example,  if 
the  light  sources  in  that  room  were 
M'ithin  a  single  bowl,  as  suggested  by 
Mr.  Bailey,  it  would  have  to  be  about 
ten  or  fifteen  feet  in  diameter,  and 
Mould  have  to  be  made  of  some  other 
material  than  glass.  But  if  this  Avere 
done  the  illumination  would  be  much 
more  satisfactory. 

A  point  not  ah\a3's  reaUzed  Avas  that 
the  people  who  supphed  reflectors  and 
shades  were  not  ahvays  the  makers. 
They  were  the  people  who  bought  them 
and  insisted  upon  having  them  at 
some  such  figure  as  2Jrf.  each.  Shades 
could  only  be  obtained  at  these  prices 
from  German}-  or  Austria,  because  our 
own  makers  would  not  go  in  for  this 
rapid  reproduction  work.  It  was  well 
knoAA-n  that  the  best  translucent  glass 
was  produced  in  England,  but  when 
it  was  a  question  of  glass  only  partially 
translucent,  our  own  glass -makers  were 
not  satisfactory  because  they  would 
not  experiment  nor  put  down  the 
necessary  machinery  unless  they  -were 
guaranteed  a  market.  The  Society 
was  now  teacliing  the  public  the  value 
of  good  shades  and  reflectors.  When 
they  had  learnt  that  they  could  not 
only  save  their  pockets,  but  also  their 
eyes  by  parang  a  little  better  price  for 
properly  designed  shades,  then  the 
British  glass-makers  would  have  an 
opportunity  of  having  their  fair  share 
of  the  market  if  they  would  take  the 
trouble  to  make  the  necessary  pre- 
parations. 

Mr.  G.  Campbell  congratulated  the 
authors  on  their  paper.  Naturally 
there  were  many  points  that  could  not 
be  discussed  in  the  time  available, 
and  he  hoped  that  the  Council  of  the 
Society  Avould  consider  the  possi- 
biUty  of  having  another  paper  later 
on  in  which  these  could  be  dealt  with 
in  detail. 

The  value  of  correctly  designed  re- 
flectors could  scarcely  be  too  greatly 
emphasized,  but  it  was  important  to 
note  that  the  position  of  the  light 
source  and  reflector  was  also  vital. 
This  matter  should  be  brought  to  the 
attention  of  lamp  manufacturers,  so 
that  the  position  of  the  filaments  in 


the  lamp  bulb  could  be  standardized 
in  the  same  way  as  was  proposed  for  the 
candle-power,  and  the  dimensions  of 
bulbs  and  caps  of  lamps.  It  was  also 
necessary  that  the  gallery  carr^dng  the 
reflector  should  be  of  the  right  dimen- 
sions, so  that  the  lamp  should  be  main- 
tained in  the  correct  position  for  wliich 
it  was  designed. 

He  thought  the  suggestion  made  in 
the  discussion,  that  one  should  use 
large  bowls  made  of  glass  or  other 
material  measuring  several  feet  in 
diameter,  was  hardly  practicable. 

Some  remarks  had  been  made  as  to 
the  desirabihty  of  awakening  EngUsh 
glass  manufacturers  to  the  possibiH- 
ties  of  making  glass  for  purposes 
of  illumination.  It  might  be  of  interest 
to  mention  that  a  large  percentage  of 
the  prismatic  glass  reflectors  in  use 
were  now  made  in  England. 

In  conclusion,  he  might  add  that  the 
point  raised  by  the  Chairman  as  to  the 
colour  of  hght  received  from  indirect 
systems  was  one  that  had  come  within 
his  experience.  He  thought  that  artifi- 
cial light — whether  direct,  semi-indirect, 
or  indirect — could  not  be  rehed  upon 
to  give  a  true  colour-value  unless 
assisted  by  a  suitable  colour-screen. 
It  A\as  true  that  daylight  itself  varied 
considerably  from  one  season  to  another 
during  the  3'ear,  but  such  changes  were 
small  in  comparison  Mith  the  enormous 
difference  between  average  dayhght 
and  artificial  light. 

]\Ir.  T.  E.  Ritchie  referred  to  the 
authors'  suggestion  that  it  was  desir- 
able to  imitate  a  variety  of  daylight  in 
«'liich  80  per  cent  of  the  illumination 
was  furnished  by  direct  sunhght.  The 
authors  did  not  appear  to  reahze  how 
little  direct  sunshine  it  was  possible 
to  obtain  in  this  countrj' .  During  the 
year  1911  the  amount  of  sunlight  was  a 
record  ;  yet  while  the  total  hours  of 
daylight  were  4,380,  the  hours  of 
sunshine  were  onty  1,444 — i.e.,  33  per 
cent  of  the  total  daylight.  There  were 
170  days  which  were  entirely  rainy, 
and  107  days  on  which  there  was  no 
sun.  Taking  into  account  the  chmatic 
conditions,  probably  only  7  per  cent 
of  the  sunhght  available  would 
fulfil     the      authors'      conditions     of 
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containing  80  per  cent  direct  radia- 
tion ;  therefore  only  2-3  per  cent  of  the 
total  daylight  during  the  year  would 
comply  with  this  requirement.  It 
seemed  hardly  worth  while  to  suggest 
conditions  which,  in  this  country,  could 
only  be  met  mth  for  such  an  infini- 
tesimal period  of  the  year. 

Mb.  Arthur  Cunnington  referring 
to  the  question  of  economies  to  be 
obtained  by  the  use  of  suitable  re- 
flectors,  gave  an  illustration  of  what 
had  actually  been  done  in  this  direction. 

In  a  large  open  office,  used  for  sorting 
parcels,  tungsten  lamps  had  been  put 
in,  equipped  with  steel  reflectors  of  the 
Holophane-Benjaniin  type.  A  similar 
office  of  approximately  the  same  area, 
but  lighted  with  bare  lamps,  happened 
to  be  near  by,  and  the  following  com- 
parison was  obtained  : — 

Annual 
Approx.  cost  for 
lighting  i'.urrPiit 
hours  per  at  l^'i. 
annum.  per 
unit 


NewOffice 


Area  (in 
sq.  ft.) 


Watts 

per 
sq.  ft 


5250     i   1350 


•26 


Old  Office     .5200    ,  2800         -54  60C0        US 


6000 


£42 


The  illumination  was  about  the 
same  in  each  case,  between  1  and  1  h  foot- 
candles  on  the  working  plane.  The  net 
result,  it  would  be  seen,  was  a  saving  of 
over  50  per  cent,  and  showed  incident- 
ally that  an  illuminating  engineer 
ought  not  to  be  looked  upon  as  an 
expensive  luxury.  An  interesting  fea- 
ture of  this  new  installation  was  the 
opposition  it  aroused  among  the  workers . 
They  complained  that  the  lighting  was 
bad,  because  they  could  not  see  any 
bright  lamps  as  in  the  old  office. 
Measurements  with  an  illumination 
photometer,  however,  showed  that, 
although  the  general  effect  was  ad- 
mittedly less  brilliant,  the  light  on  the 
working  plane  was  as  good  as  before, 
and  more  uniform.  This  incident 
emphasized  the  importance  of  one  of 
the  '  Simple  Rules  of  Good  Lighting,' 
recently  pubhshed  in  77<e  Illuminaling 
Engineer*  :  "  Don't  judge  illumination 
by  the  brightness  of  the  lamps." 

*  Idum.  Eng.,  Loud,,  Dec,  1912,  p.  672. 


The  speaker  also  asked  if  the  authors 
knew  of  any  reflector  suitable  for  use 
with  outdoor  inverted  gas  lamps,  and 
giving  a  wide  distribution  such  as 
shown  (apphang  to  indoor  lamps  only) 
in  Fig.  12  (extensive  type).  There 
seemed  a  wide  field  for  such  a  reflector 
in  the  lighting  of  extended  areas  such 
as  railway  station  platforms,  ware- 
houses, open  sheds,  &c.  Existing  re- 
flectors, said  to  be  suitable  for  this 
purpose,  either  concentrated  too  much 
light  below  the  lamp  giving  "  spotty  " 
illumination,  or  allowed  too  much  to  be 
wasted  in  the  horizontal  direction. 

Mr.  C.  C.  Paterson  {communicated)  : 
I  thinJk  the  paper  before  us,  on  the 
use  of  Shades  and  Reflectors,  is  a  most 
useful  one,  and  particularly  the  section 
in  A\hJch  the  authors  deal  with  the 
questions  of  shadows  and  their  in- 
tensity. I  am  very  glad  that  they  are 
making  some  systematic  measurements 
of  the  kind  which  they  indicate,  since 
they  ought  to  help  to  settle  a  number 
of  vexed  questions. 

I  should  like  to  ask  the  authors  if 
they  think  they  are  quite  wise  in  sug- 
gesting that  the  conditions  obtaining 
in  full  daylight,  when  the  sun  is  shining, 
are  really  the  proper  conditions  to  seek 
to  establish  by  artificial  Ught.  I  ven- 
ture to  think  that  they  have  not  suffi- 
ciently taken  into  consideration  the 
fact  that  the  absolute  intensities  by 
dayhght  are  so  much  greater  than  they 
are  by  artificial  light  ;  and  if,  as  they 
say,  a  shadow  by  daylight  has  20  per 
cent  of  the  illumination  in  full  sunhght, 
this  shadow  Avill  be  far  brighter,  even 
to  the  "daylight  adapted  eye,"  than  the 
brightest  part  of  a  well-illuminated 
room  by  artificial  light.  If,  now,  we 
attempt  to  make  the  shadows  by  arti- 
ficial light  bear  the  same  relation  to 
places  which  are  not  in  shadow  as 
pertains  in  daylight,  I  think  we  shall 
find  that  the  sliadows  have  far  too  low 
an  absolute  intensity,  with  the  result 
that  there  will  be  places  in  the  room 
below  the  limit  of  '"  good  seeing,"'  and 
the  effect  will  be  less  pleasing  than  with 
more  complete  diffusion.  I  think,  for 
this  and  for  otlier  reasons,  that  we 
ought  to  en(lca\()ur  to  obtain  a  greater 
degree   of   diffusion   by  artificial  light 
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than  we  have  bj^  direct  sunhght  in  the 
open.  There  is  hardly  an}'  place, 
however  deep  the  shadow  in  the  open 
air,  where  the  illumination  is  not  more 
than  enough  for  good  seeing. 

I  fully  agree,  however,"  that  some 
shadows  are  wanted  in  artificial  light, 
but  mj^  impression  is  that  this  need  not 
be  more  marked  than  is  the  case  Avhen 
a  room  is  illuminated  indirectly  by  one 
central  fitting  the  wliole  of  -whose" light 
is  reflected  on  to  the  ceiling. 

I  am  in  full  agreement  A^ith  all  that 
the  authors  say  elsewhere,  and  con- 
gratulate them  on  the  May  they  have 
approached  the  subject. 

]\Ie.  p.  J.  Waldram  [communicated)  : 
In  expressing  my  personal  thanks  to 
the  authors  for  a  most  instructive 
paper,  I  would  venture  to  suggest  that 
too  much  rehance  should  not  be 
placed  upon  the  reproduction  of  day- 
hght  conditions  in  artificial  lighting. 
^^^ulst  it  is  desirable  to  imitate  those 
conditions  as  far  as  possible,  it  must  be 
recollected  that  the  human  e\e  will 
submit  to  intensities  of  illumination, 
and  also  to  diversities  of  illumination, 
in  dayhght  which  cause  acute  distress 
under  artificial  liglit.  The  mere  fact 
that  in  any  system  we  have  produced 
similar  intensities  and  similar  sharpness 
of  shadow  to  those  uhich  obtain  by 
day  is  not,  per  .•.•?,  a  guarantee  tliat  the 
installation  is  satisfactory. 

]\Ie.  W.  C.  Clinton  {communicated)  : 
In  this  most  interesting  series  of  re- 
flector distribution  curves  the  authors 
point  out  the  existence  of  curious 
peaks  in  some  of  them,  notably  those 
in  Figs.  12a,  13,  14,  15,  and  16. '  These 
are  doubtless  due  to  reflection  caustics 
as  they  occur  most  markedly  with  those 
shades  giving  a  good  deal  of  regular 
reflection. 

Their  presence  is  Hable  to  lead  to 
error  in  the  photometric  measurements, 
if  it  is  attempted  to  define  the  shape 
of  the  curve  in  tlie  neiglibourhood  of 
the  caustic  by  observations  taken  at 
very  small  angular  intervals.  If  this 
arigular  interval  between  two  succes- 
sive observations  is  smaller  than  the 
angle  subtended  by  the  photometer 
disc  at  the  source,  and  if  the  beam  of 


regularly  reflected  light  has  also  an 
angular  aperture  much  smaller  than 
the  photometer  disc,  as  may  easily  be 
the  case,  the  two  readings  may  both 
be  in  excess  of  the  true  illumination 
at  these  points,  although  neither  gives 
the  actual  maximum  attained  by  the 
reflected  ray.  The  shape  of  the  dis- 
tribution curve  M-ill  thus  be  wrong, 
although  the  error  made  in  estimating 
the  total  flux  of  hght  maj^  not  be  very 
great. 

The  Authors,  in  reply,  expressed 
their  thanks  for  the  many  appreciative 
remarks  made  during  the  discussion. 

The  question  raised  by  the  Chairman 
(Mr.  Goodenough)  as  to  whether  there 
was  any  difference  in  the  poAver  to  dis- 
criminate colours  with  one  system  of 
lighting  as  compared  with  another, 
using  the  same  illuminant,  was  an 
interesting  one.  Some  data  had  been 
obtained  on  this  point,  but  it  was 
thought  to  be  a  little  premature  to 
introduce  the  subject  into  the  present 
paper.  L'ndoubtedly  the  presence  of 
coloured  surroundings  might  determine 
the  method  of  lighting  to  be  adopted, 
especially  if  colour  discrimination  was 
of  importance. 

Mr.  Darch  had  suggested  that  in- 
sufficient stress  had  been  laid  on  the 
use  of  sliades  for  avoiding  glare.  The 
authors  pointed  out  that  this  had  been 
placed  first  in  the  list  of  the  functions 
of  a  shade,  Avhich  was  surely  giving  to 
it  sufficient  prominence.  Mr.  Darch 
hardly  seemed  to  appreciate  sufficiently 
the  directive  qualities  of  shades  and 
reflectors.  In  the  majority  of  practical 
cases  most  of  the  light  was  required 
downwards,  so  that  the  method  advo- 
cated by  him  could  scarcely  be  adopted 
with  efficiency.  Tlie  illustration  of  a 
room  lighted  by  silk  shades  given  in 
the  Appendix  (p.  143),  and  the  remarks 
thereon,  aptly  illustrated  the  defects 
of  a  system  of  ligliting  in  which  atten- 
tion was  concentrated  solely  on  screen- 
ing the  light.  To  suggest,  as  Mr.  Darch 
had  done,  a  shade-brightness  of  one- 
tentli  candle-poM'cr  per  square  inch 
as  the  maximum  permissible  was,  the 
authors  thought,  going  too  far.  They 
were   of   opinion   that  such   data   and 
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specific  limiting  values  were  apt  to  be 
misleading,  as  the  positions  of  the 
light  units  and  contrast  effects  present 
played  an  important  part. 

With  reference  to  the  amount  of 
light  to  be  directed  upwards  and  the 
amount  doA^Ti wards  :  in  the  case  where 
the  author  suggested  20  per  cent  and 
80  per  cent  respectively  direct  methods 
of  lighting  were  imphed,  and,  therefore, 
there  was  nothing  to  withdraw  or 
explain  further  on  this  point.  The 
expression  "  white  glass  "  was  well 
known  in  the  trade,  and  was  quite  dis- 
tinct from  opal.  With  reference  to  the 
point  raised  by  Mr.  Darcli  concerning 
the  quality  of  the  light  distributed  in 
the  various  zones,  the  authors  thought 
that  the  data  given  in  the  paper  was  in 
agreement  with  Mr.  Darch's  own  views. 
The  difference  referred  to  was,  of 
course,  one  of  area  for  the  respective 
zones  considered  ;  but,  whereas  their 
values  had  been  considered  from  the 
horizontal,  Mr.  Darch  was  apparently 
considering  angular  values  reckoned 
from  the  vertical.  One  must  consider 
this  point  in  conjunction  with  the 
surface  to  be  illuminated. 

Mr.  Blok  has  asked  for  fuller  details 
regarding  the  tests  described  in  the 
paper.  Such  values  had  been  deter- 
mined, but  it  was  thought  that  the 
space  available  for  the  present  paper 
did  not  permit  of  this  section  being 
dealt  with  fully,  and  no  doubt  in  the 
future  it  would  be  possible  to  go  into 
such  matters  in  greater  detail.  Similar 
remarks  applied  to  the  method  of 
testing  employed.  On  this  latter  point, 
however,  it  might  be  stated  that  in  all 
cases  a  standard  distance  was  main- 
tained betAveen  tlie  source  under  test 
and  the  photometer  head,  and  that 
wherever  necessary  precautions  were 
taken  to  avoid  errors  due  to  the  source 
under  test  and  tlie  standard  having 
different  colour-values. 

Mr.  Blok  and  Mr.  Clinton  remarked 
on  the  "  peaks  "  present  in  some  of  the 
polar  curves,  and  their  comments  with 
reference  to  tliem  Mere  interesting. 

Mr.  Blok  and  Mr.  Campbell  had 
referred  to  the  need  for  correct  center- 
ing of  the  light  source  in  a  particular 
shade  or  reflector  in  order  to  obtain  a 


definite  polar  distribution  curve.  This 
Avas  a  matter  of  some  importance,  but 
from  tests  made  by  the  authors  it  was 
found  that,  with  modern  illuminants 
being,  as  they  were,  of  material  size, 
and  not  "  point-sources,"  serious  diffi- 
culties from  the  practical  standpoint 
were  not  met  with.  Moreover,  lamp- 
makers  and  the  manufacturers  of  shades 
and  reflectors  were  coming  to  a  better 
understanding  on  this  point,  and  it  was 
a  comparatively  easy  matter  for  them 
to  comply  with  the  lamp  conditions 
requisite  for  the  production  of  correct 
distribution  curves.  The  definite  loss 
in  light  referred  to  by  Mr.  Blok  in 
the  case  of  one  test  should  not  be 
possible  to  a  material  degree  under 
ordinary  circumstances . 

'Mr.  Bailey  and  IVIr.  Harrison  had 
referred  to  bowl  lighting,  and  it  was 
in  the  authors'  minds  that  there  were 
possibilities  in  this  direction  when 
they  suggested  in  a  section  of  their 
paper  that  there  was  room  for  improve- 
ment in  direct  lighting  units,  and  that, 
perhaps,  too  much  stress  had  been  laid 
upon  indirect  lighting.  The  authors 
agreed  that  a  great  deal  could  be  done 
with  specially  prepared  paper  and  linen, 
but  it  must  be  realized  that  there  were 
always  difficulties  in  commercializing 
goods  that  it  Avas  not  possible  to  protect 
from  imitation.  Also,  while  such  units 
might  be  indestructil)le  as  regards 
breakage,  it  would  be  difficult  to  keep 
them  clean  ;  and  although  one  might 
keep  them  once  they  were  purchased, 
so  soon  as  they  were  dirty  tliey  would 
soon  become  useless  both  from  the 
lighting  and  decorative  standpoint. 
Easy  maintenance  was  an  important 
matter,  and  should- always  be  provided 
for. 

Prof.  Morris's  reference  to  oil 
lamps  was  endorsed  by  the  authors, 
and  they  remarked  that  the  shape  and 
position  of  reflfH-toi-s  and  globes  used 
with  these  laini)s  seemed  to  l)e  deter- 
mined in  a  very  casual  manner  ;  the 
same  thing  had  been  pointed  out  in  the 
discussion  on  the  papers  on  "  Acetylene 
and  Petrol  Air  (J as." 

Mr.  Whi:at  had  remarked  that  the 
authors  would  admit  that  tlu>  greater 
the  amount  of  the  light  reflected,  and 
the  lesser  the  amount  coming  direct, 
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the  better  the  shadoAV  effect.  They, 
however,  could  not  agree  with  tliis 
statement  without  quahfication,s.  It 
was  impossible  to  obtain  a  well-defined 
shadow  with  indirect  lighting,  and 
they  contended  that  there  were  in- 
stances where  definite  shadows  were 
preferable.  At  the  same  time  they 
agreed  that  there  were  also  manj^  cases 
where  the  particular  effects  produced 
by  indirect  lighting  were  an  advantage. 
Mr.  Wheat  and  j\Ir.  Ritchie  referred 
to  dayhght,  and  in  particular  to  sun- 
light, and  showed  how  little  was  ob- 
tained in  London.  But  the  authors 
could  not  agree  that  the  data  brought 
forward  impHed  that  the  kind  of  illu- 
mination produced  by  sunlight  was 
unsuitable.  The  figures  presented  were 
interesting,  but  it  must  be  remarked 
that  what  apphed  to  London  could  not 
be  taken  as  a  standard  for  the  Mhole 
world  ;  nor  could  London  be  taken 
as  the  ideal  spot  from  a  lighting  stand- 
point. 

Mb.  Wheat  referred  to  cloudy  day- 
hght, and  remarked  that  members  of 
the  Society  knew  tliat  a  source  of  light 
was  not  meant  to  be  looked  at  ;  but 
the  authors  had  made  it  clear  in  their 
paper  that,  with  cloudy  dayhght  condi- 
tions, the  size  of  the  source  was  so 
great  that  it  was  impossible  to  avoid 
seeing  the  bright  clouds,  and  that  it 
was  on  this  account  that  direct  sun- 
Hght  v.ith  a  rich  blue  sky  was  less 
glaring  for  all  normal  positions  of  the 
eye.  In  short,  a  properly  arranged 
installation  of  direct  units  will,  in  most 
cases,  give  all  that  is  desired,  and  the 
objection  usually  raised  to  the  direct 
system,  namely,  the  visibility  of  the 
subdued  light-sources,  is  not  well 
founded. 


With  reference  to  the  remarks  com- 
municated by  Mr.  Paterson  and  IVIr. 
Waldram,  both  touched  upon  the 
same  subject,  but  from  different  aspects. 
It  might  not  be  ad\dsable  for  artificial 
hght  to  reproduce  exactly  dayhght 
conchtions.  At  the  same  time,  the 
authors  would  suggest  that  investiga- 
tions on  daylight  Avould  lead  to  some 
useful  information  which  could  be 
applied,  at  least  in  some  measure,  to 
artificial  systems.  The  experiments 
earned  out,  and  experience  obtained 
up  to  the  present,  did  not  lead  them 
to  adopt  IVIr.  Paterson's  view,  that  a 
single  indirect  unit  placed  in  the  centre 
of  a  room  would  give  the  most  desirable 
shadow  effects.  Moreover,  artificial 
lighting  was,  in  general,  required  for 
more  than  one  purpose,  and  indirect 
methods  were  less  efficient  than  direct 
ones. 

Mr.  Cunnington,  the  authors 
thought,  had  put  forward  very  prac- 
tical and  serviceable  data.  At  the 
present  moment  it  was  difficult  to  get 
comparative  data  of  this  kind  from 
users  of  illumination,  and  it  was 
specially  desirable  to  secure  particulars 
of  the  effect  of  improved  illumination, 
and  the  ease  and  convenience  with 
which  work  could  be  done.  They 
hoped  that  engineers  and  others  would 
bear  this  in  mind,  and  bring  before 
the  notice  of  the  Society  cases  in  wliich 
improved  illumination  had  led  to  a 
definite  improvement  in  the  work 
produced  and  a  reduction  in  the  cost 
of  maintenance.  It  would  be  good, 
too,  if  the  Society  could  find  means  of 
bringing  such  data  to  the  notice  of  the 
general  public,  as  the  result  would  un- 
doubtedl}^  benefit  the  whole  fighting 
industry. 


Royal  Institute  of  Public  Health  Annual  Congress. 

The  Aimunl  Conf;ress  of  the  Royal  Institute  of  Public  Health  is  to  be  held 
in  Paris  during  the  Whitsuntide  Holidays,  Miiy  14th  to  18th  inclu.sive,  under 
the  patronage  of  the  French  Government. 

A  special  section  dealing  with  indu.strial  liygiene  has  been  arranged,  over 
which  Sir  Tlionias  Oliver  will  presi<le.  A  discussion  on  Lighting  as  a  Health  Factor 
in  Occupation  and  its  Influence  on  the  Prevention  of  Accidents,  will  be  opened 
by  Mr.  Leon  Gaster. 
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OF    THE 


(Founded  in  London,  1909.) 


The  Annual  Dinner  was  held  at  the 
Trocadero  Restaurant  in  London,  on 
Monday,  February  lOth,  tlie  President, 
Prof.  S.  P.  Thompson,  F.R.S.,  being 
in  the  chair. 

Early  in  the  proceedings  the  Hon. 
Secretary  was  called  upon  by  the  Chair- 
man to  read  some  of  the  messages  of 
regret  received  from  those  who  were 
unable  to  be  present.  The  Presidents 
of  the  Royal  Society,  the  Royal  Insti- 
tute of  i3ritish  Arcliitects,  and  the 
Royal  College  of  Surgeons  had  all 
written  regretting  their  unavoidable 
absence.  He  had  also  communications 
from  Mr.  Leonard  Stokes  and  Mr. 
Ernest  Newton  on  behalf  of  the 
R.I.B.A.,  from  Lord  Saunderson  (Chair- 
man of  Council  of  the  Royal  Society  of 
Arts),  Sir  WilHani  Abney,  Mr.  Blair 
(London  County  Council),  and  the 
Chairman  of  the  Royal  Sanitary  Insti- 
tute. 

Sir  Corbet  Woodall  had  been  obliged 
to  decline  the  invitation  on  the  ground 
of  indisposition,  and  Mr.  Edward  Allen 
had  very  kindly  consented  to  represent 
the  Institution  of  Gas  Engineers  in- 
stead. Sir  Henry  Trueman  Wood,  a 
Vice-President  and  valued  friend  of 
the  Society,  had  sent  a  message  expres- 
sing his  appreciation  of  its  continued 
prosperity. 

Sir  Boverton  Redwood  wrote  :  "I 
regard  the  invitation  as  a  compliment, 
and  Avish  I  could  have  testified  by  my 
presence  to  my  high  appreciation  of 
the  value  of  the  services  rendered  to 
the  science  of  hghting  by  the  Society." 

In  conclusion,  Mr.  Gaster  expressed 
satisfaction  with  the  good  attendance. 
To  have  secured  a  gathering  of  nearly 
eighty  was,  in  view  of  the  compara- 
tively small  number  of  members  resid- 
ing in  London,  distinctly  satisfactor3^ 


The  numbers  present  at  the  Dinner 
were  growing  year  by  year,  and  would, 
he  hoped,  be  much  larger  in  years 
to  come. 

Toast:    "The  Illuminating  Engineering 

Society.' 

After  the  usual  loyal  toasts,  Mr. 
Frank  Bailey  proposed  "  The  Illu- 
minating Engineering  Society."  The 
Society,  he  said,  had  already  received 
support  in  niany  quarters.  Yet  it  had 
occurred  to  him  that  the  member- 
ship did  not  include  every  one 
necessary  to  bring  its  efforts  to  a 
successful  conclusion.  For  instance, 
he  thought  we  might  look  to  the 
time  when  glass  makers  and  fittings 
makers  would  join  the  Society  in 
greater  numbers,  and  possibly  read 
papers  at  the  meetings.  In  the  utiliza- 
tion of  light  many  people  were  con- 
cerned ;  another  section  of  the  com- 
munity largely  interested  being  the 
architects,  Avhose  support  was  also 
needed.  The  very  great  progress  re- 
cently made  in  all  methods  of  lighting 
gave  reason  for  congratulation.  To- 
day a  great  improvement  in  efficiency 
was  achieved  by  the  use  of  gas  under 
high  pressure.  Who  could  say  but 
that  to-morrow  we  might  be  compres- 
sing oxygen  and  suitable  hydrocarbons, 
and,  hf  impinging  it  on  a  block  of 
some  other  refractory  nuxterial,  ol)tain 
a  hght  which  would  surprise  every- 
body ?  Improvements  -were  likewise 
constantly  being  made  in  the  use  of 
electricity,  acetylene,  and  petrol  air- 
gas. 

The  Illuminating  Engineering  Society 
had  an  enormous  field  of  work  to  cover. 
Not  long  ago  Mr.  Duddell,  the  Presi- 
dent of  the  Institution  of  Electrical 
Engineers,  made  the  remark  that  we, 
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as  a  nation  of  shopkeepar. ,  were  coaiing 
to  bs  known  as  a  nation  of  scientists. 
That  was  true,  and  it  seemed  to  offer 
great  hope  for  our  future  prosperity. 
The  nation  that  had  at  its  connnand 
most  scientists  must  undoubtedly  out- 
shine others  with  less  resources.  Quite 
apart  from  its  industrial  triumphs, 
science  was  of  value  as  an  intellectual 
solvent.  When  scientific  men  met  to- 
gether to  discuss  technical  subjects 
they  sought  to  break  down  the  small 
ideas  which  might  otherwise  prevent 
them  working  together  ;  science  en- 
couraged us  to  look  forward  to  a  time 
when  the  bonds  between  kindred  socie- 
ties in  various  countries  would  be 
drawn  closer  than  at  present,  so  that 
all  might  meet  on  common  ground. 

In    this     resi)ect    the    Illuminating 
Engineering    Society    had    more    than 
justified  its  existence.     It  had  already 
been     represented,    in    the    person    of 
its  indefatigable    Hon.  Secretary     and 
others,   at   a  number  of  international 
congresses,  and  it  was  upon  such  efforts 
as    these    that    the    prosperity    of    the 
nation  would  in  future  largely  depend. 
The  technical  and  learned  societies  of 
this  country,  by  meeting  the  kindred 
societies  of  other  nations,  could  do  much 
towards  breaking  down  that  barrier  of 
insular  prejudice     which     occasionally 
amounted     almost     to     arrogant     ex- 
clusiveness  in   this  country.     By  such 
means — by  estabhshing  common  ideas 
and    sympathies     between     the     indi- 
viduals  of  different  nations — we  could 
do    much    to    safeguard    the    j)eace    of 
Europe.     Men  of  science  were  among 
the    most   influential   peace-makers    of 
the   present  day.     The   strength   of   a 
nation  did  not  depend  merely  on  the 
maintenance  of  a  vast  army  and  navy, 
but    upon    its    science,    industry,    and 
capacity    for    assimilating    new    ideas. 
Six   European   nations   were   spending 
annuall}^   207    milhon   pounds   in   pre- 
paring to  destroy  Hfe.    What  could  not 
our  Society  do  with  a  half  per  cent  of 
this  sum  !     If  such  a  Society  as  this, 
with    its    confhcting    interests,    could 
assemble  its  members  in  friendly  dis- 
cussion, surely  a  similar  policy  was  not 
impossible  throughout  the  whole  world. 
In  conclusion,  Mr.  Bailey  referred  in 
appreciative  terms  to  Prof".  Thompson, 


who,  he  said,  as  an  "  illuminator " 
ranked  supreme,  inasmuch  as  he  had 
such  a  happy  and  unique  gift  of  making 
all  things  clear.  He  had  the  greatest 
possible  pleasure  in  coupling  with  the 
toast  the  name  of  Prof.  S.  P.  Thompson. 

The  President,  in  replying  to  the 
toast,  expressed  his  appreciation  of 
the  hearty  manner  in  which  it  had 
been  received.  He  thought  everybody 
would  agree  that  the  Illuminating 
Engineering  Society  was  in  a  flourish- 
ing state.  In  the  three  years  of  its 
existence  the  membership  had  grown 
to  more  than  400,  and  they  might 
justly  claim  to  have  been  successful 
during  this  period  in  making  their 
subject  and  themselves  known  to,  at 
any  rate,  a  large  section  of  the  pubUc. 
They  had  succeeded  in  impressing 
upon  a  number  of  influential  people 
that  there  was  such  a  thing  as  the 
science  of  illumination  ;  and  they  were 
gradually  paving  the  way  for  a  much 
wider  understanding  of  that  subject 
on  the  part  of  the  British  public. 

But  they  had  performed  other  func- 
tions besides  that  of  merely  discussing 
illumination  and  reading  papers  upon 
it.  Mr.  Bailey  had  referred  to  one  of 
the  most  important  aims  of  the  Society, 
namely,  that  of  bringing  together  in 
one  harmonious  gathering  a  number  of 
persons  who  represented  interests  which, 
outside  the  circle  of  the  Society, 
could  not  but  be  regarded  as  conflicting 
and  rival  interests  ;  and  yet  there  had 
never  been  any  trouble  within  the 
Society  from  this  fact,  because,  behind 
all  this  rivalry,  there  existed  a  common 
thing  in  wliich  they  all  had  interest, 
and  about  which  they  were  very  friendly 
rivals,  namely,  the  subject  of  the 
proper  supply  and  distribution  of  light. 
It  was  necessary  to  teach  the  public 
to  recognize  the  real  distinction  be- 
tween good  hghting  and  bad  fighting  ; 
so  many  did  not  know  bad  lighting 
when  they  saw  it,  and  so  many  mistook 
too  much  lighting  for  good  fighting. 
They  would  have  to  induce  the  L.C.C. 
to  do  that  good  thing  which  in  certain 
other  not  very  distant  parts  had  been 
done,  namely,  to  compel  the  advertis- 
ing shopkeepers  to  guard  the  street 
side  of  their  fights  from  producing  too 
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much  glare  in  the  street.  It  was  all 
very  well  for  pushing  shopkeepers  to 
throw  abundance  of  Hght  on  to  their 
shop  fronts,  but  they  must  not  be 
allowed  incidentally  to  dazzle  the  drivers 
of  vehicles  using  the  roadway.  The  most 
important  part  of  the  work  of  the 
Society  was  to  make  the  people  under- 
stand that  they  could  see  better  Avith 
less  hght,  and  that,  in  many  cases,  they 
were  thromng  half  of  it  away  in  glare. 

He  hoped  in  twelve  months'  time 
they  would  be  able  to  make  some 
progress  in  another  direction.  They 
were  honoured  that  evening  Avith  the 
presence  of  one  or  two  gentlemen  who 
were  architects,  and  he  wished  they 
had  more.  If  architects  only  knew 
how  much  they  had  yet  to  learn  on  the 
question  of  illumination  they  would 
be  the  best  friends  of  the  illuminating 
engineer.  He  had  made  the  remark 
more  than  once  that  very  few  of  us 
knew,  not  only  our  own  ignorance,  but 
how  much  there  was  on  which  we  were 
ignorant.  There  was  not  one  person 
that  evening  who  did  not  feel  that  he 
had  learnt  a  great  deal  on  the  question 
of  illumination  and  good  lighting  by 
having  been  brought  into  contact  with 
the  Society.  There  were  things  that 
they  had  had  to  learn,  and  possibly 
things  they  had  had  to  unlearn.  Not 
only  had  the  Society  enjoyed  a  good 
year  since  the  last  Annual  Dinner ;  not 
only  had  it  added  active  members  and 
Committees,  and  active  writers  of 
papers,  and  keen  discussions;  not  only 
had  there  been  activity  within  the 
borders  of  the  Society,  but  it  had  been 
producing  effects  beyond.  It  was 
pleasing  to  know  that  the  International 
aspect  of  the  movement  was  not  stand- 
ing still.  There  had  been  distinct 
progress  in  the  reconstruction  of  that 
body  knoAvn  as  the  Zih-ich  Committee, 
which  was  now  become  a  truly  inter- 
national body  concerning  photometric 
units  and  all  that  was  involved  therein. 
He  hoped  that  aspect  of  the  Avork  of 
the  Society  Avould  duly  impress  itself 
upon  the  members. 

At  home  also  there  were  distinct 
signs  of  progress,  which  certainly  must 
be  taken  as  encouraging.  Among  the 
guests  that  evening  was  Sir  Arthur 
Whiteleggc     (Cliief     of     the     Factory 


Department  at  the  Home  Office),  and 
they  had  recently  learnt  that  Sir 
Arthur  and  those  associated  with  him 
had  taken  an  important  part  in  the 
appointment  of  a  Departmental  Com- 
mittee to  inquire  into  the  better 
lighting  of  workshops  and  factories, 
a  Committee  which  was  to  be  under 
the  conduct  of  Dr.  Glazebrook.  All 
this  showed  that  in  official,  as  well  as  in 
unofficial  circles,  the  matter  for  Avhich 
they  existed,  namely,  the  study  of  the 
progress  of  hghting,  was  becoming 
recognized  as  a  thing  requiring,  not 
only  inquiries,  but  something  in  the 
way  of  legislation.  It  must  be  brought 
home  to  employers  and  owners  of 
factories  and  workshops  who  have  not, 
in  their  own  interests,  found  it  out, 
that  they  must  properly  light  the  tools 
and  benches  and  workshops  ;  that  the 
places  where  men  work  must  not  be 
so  badly  lit  as  to  cause  eyestrain  or 
detriment  either  to  the  health  or 
wealth  of  the  workers.  Whenever  the 
step  was  accomplished  of  being  able 
to  bring  legal  pressure  to  bear  upon 
defaulting  employers  of  labour,  then 
he  maintained  that  a  good  deal  of 
the  work  which  the  Society  started 
out  to  accomphsh  will  have  been  done; 
but  he  hoped  it  Avould  not  end  there, 
whenever  that  might  be. 

It  was  stated  that  the  fourth  and 
fifth  years  of  a  society's  existence 
were  its  critical  years.  The  Illuminat- 
ing Engineering  Society  had  yet  to  cut 
its  eye-teeth,  but  he  ventured  to  think 
that  it  would  come  successfully  through 
this  period,  and  that  it  would  still  have 
many  problems  to  deal  Avith,  because 
science  Avas  ncA^er  standing  still,  and 
its  applications  Avere  cA^er  Avidening. 
He  felt  that  the  Societj^  had  only  just 
begun  its  Avork,  and  Avas  noAvhere  near 
ending  it. 

Toast:    "  Kindred  Societies." 

Mr.  F.  W.  Goodenough  (Chairman 
of  Council)  next  proposed  "  Kindred 
Societies."  He  did  so,  he  said,  Avdth 
the  greatest  pleasure,  because  it  Avas  a 
toast  AAdiich  peculiarly  commended  itself 
to  the  Society,  inasmuch  as  the  Illu- 
minating Engnieering  Societ}^  Avas  in 
an  exceptional  degree,  as  a  technical 
society,    dependent    for    the    ultimate 
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success  of  its  propaganda  upon  the  co- 
operation of  other  societies.  As  Prof. 
ThonijDson  had  pointed  out,  thej^  were 
aiming  at  the  detemiination  of  Avhat 
was  adequate  and  scientific  hghting 
on  the  one  hand,  and  the  creation  of 
a  demand  for  scientific  lighting  on  tlie 
other.  For  the  achievement  of  that 
object  they  needed  the  general  public, 
and,  as  a  scientific  society,  they  could 
only  reach  the  general  public  through 
the  members  of  those  societies  to 
which  the  public  looked  for  guidance 
on  matters  economic  and  hygienic. 
Therefore,  it  was  onty  by  relieving  the 
members  of  those  societies  from  the 
profundity  of  their  own  ignorance,  as 
mentioned  by  Prof.  Thompson,  that 
they  could  hope  to  educate  the  people 
and  get  them  to  expect  scientific  light- 
ing. 

The  Society  aLso  was  dependent  upon 
other  institutions,  comprising  those 
engaged  in  the  generation  of  fight 
(whether  gas,  electric,  or  any  other 
illuminant).  It  was  dependent  upon 
them  largely  for  research  into  the 
application  of  light  in  a  scientific 
manner,  and  trusted  to  the  members  of 
these  various  Societies  becoming  mem- 
bers of  the  Illuminating  Engineering 
Society,  which  formed  the  common 
ground  upon  which  they  could  all  meet. 
To  himself  one  of  the  great  pleasures 
of  belonging  to  the  Illuminating  Engi- 
neering Society  was  that  he  could,  by 
attending  its  meetings,  fraternize  with 
members  of  professions  Avith  whom  he 
was  in  friendly  rivalry  on  other  days 
of  the  week.  Certainly  liis  member- 
ship of  the  Society  had  brought  lura 
many  personal  friends  amongst  the 
ranks  of  those  who  were  supposed  to  be 
liis  enemies.  He  coupled  the  toast 
with  the  names  of  Mr.  W.  Duddell,  the 
President  of  the  Institution  of  Elec- 
trical Engineers,  and  Mr.  E.  Allen, 
senior  Vice-President  of  the  Institution 
of  Gas  Engineers  ;  incidentally,  they 
would  all  regret  the  absence  of  Sir 
Corbet  Woodall,  under  doctor's  orders, 
and  also  the  absence  of  Sir  William 
Abney,  whom  they  had  hoped  to  see 
present.  He  further  coupled  Avitli  the 
toast  the  name  of  Dr.  Lawford, 
President  of  the  Ophthalmological 
Society. 


'Mr.  W.  Duddell  (President  of  the 
Institution  of  Electrical  Engineers), 
responding  to  the  toast,  referred  to  the 
question  of  co-operation  with  other 
societies.  He  was  quite  in  agreement 
that  the  only  way  in  which  technical 
societies  could  do  their  work  properly 
was  by  co-operation,  and  he  was  able  to 
say  on  behalf  of  the  Institution  of  Elec- 
trical Engineers  that  it  was  the  desire 
to  co-operate  in  every  possible  way 
A\dth  the  Illuminating  Engineering  So- 
ciety. It  was  felt  that,  by  the  proper 
consideration  of  illumination  and  the 
proper  distribution  of  fight,  benefit 
would  accrue  to  all  parties,  whether 
they  were  concerned  in  burning  gas 
in  the  atmosphere,  or  stimulating  the 
filaments  of  lamps  by  electricity,  or 
using  electricity  in  vacuum  tubes. 

What  was  required  was  good  illu- 
mination, and  by  tins  he  did  not  neces- 
sarily mean  perfectly  unifonn  illu- 
mination without  any  shadows,  but 
an  illumination  which  was  ])leasant. 
There  was  no  doubt  that  the  Illuminat- 
ing Engineering  Society  was  doing  a 
very  good  work  in  finding  out  what  was 
the  right  form  of  illumination,  and  the 
electrical  engineers  would  do  their  part 
and  find  means  for  creating  proper 
sources  of  fight  when  the  Illuminating 
Engineering  Society  had  demonstrated 
the  right  sort  of  illumination  to  have 
from  the  point  of  view  of  comfort  and 
health.  ^h\  Bailey  had  referred  to  the 
possibilities  of  compressed  oxygen.  He 
hardly  knew  whether  tins  was  to  be 
classified  as  gas  Hghting  ;  but,  if  so, 
he  thought  it  possible  that  electrical 
engineers  might  invent  some  other  form 
of  gas,  the  molecules  of  which  would 
be  constantly  re-created  in  some  way, 
and  thereby  give  a  still  Ifigher  illu- 
mination. He  had  a  great  befief  that 
gas,  not  treated  by  burning  it  in  the 
air,  but  stimulated  by  electric  dis- 
charge, might  be  the  illuminant  of  the 
future.  There  seemed  to  be  a  better 
chance  of  getting  a  high  illuminating 
efficiency  from  gaseous  sources  than 
by  any  other  form  of  illuminant. 

Mr.  E.  Allen  (senior  Vice-President 
of  the  Institution  of  Gas  Engineers), 
who  also  referred  to  the  regrettable 
absence      of      Sir  .  Corbet      WoodaU, 
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expressed  his  thanks  for  the  manner  in 
wliich  the  toast  had  been  received. 
Sometliing  had  been  said  that  evening 
on  the  friendly  rivalry  between  gas 
and  electric  hghting,  but  he  was  glad 
to  think  that  this  rivalry  had  been 
of  benefit  to  both  illuminants,  and 
that  both  could  exist  side  by  side.  At 
each  stage  in  the  development  of  gas 
an  advance  in  electric  hghting  had 
brought  about  a  similar  improvement  in 
the  other  camp  :  it  was  through  rivalry 
of  this  kind  that  progress  was  made. 

He  was  in  full  agreement  as  to  the 
good  work  being  done  by  the  Society 
by  promoting  co-operation  between 
those  interested  in  various  forms  of 
illumination.  When  he  was  invited, 
some  years  ago,  to  become  a  member  of 
the  Society,  he  had  not  seen  his  way 
to  do  so,  but  since  then  the  Society  had 
reached  such  a  commanding  position  in 
the  world  of  illumination  that  he  would 
now  esteem  it  an  honour  to  be  invited 
to  join. 

Dr.  Lawtord  (President  of  the 
Ophthalmological  Society)  said  that 
the  Ophthalmological  Society  was 
extremely  interested  in  the  practical 
applications  of  illumination,  and  more 
especially  in  the  lighting  of  schools 
and  educational  institutions  for  children 
and  young  people,  and  also  in  the  illu- 
mination of  workshops  and  similar 
places.  It  Avas  of  the  greatest  assist- 
ance to  the  members  of  his  Society  to 
be  able  to  consult  illuminating  engi- 
neers, and  to  obtain  help  in  technical 
details  which  were  outside  their  imme- 
diate province.  Members  of  his  Society 
would  be  only  too  pleased  to  continue 
to  avail  themselves  of  this  assistance. 

There  was  one  direction  in  Avhicli  it 
seemed  the  Illuminating  Engineering 
Society  could  do  a  great  deal  of  good, 
and  that  was  in  mines.  For  example, 
with  a  view  to  preventing  as  far  as 
possible  the  disease  of  the  eyes  known 
as  miners'  nystagmus.  Mining  was 
ixirticularly  a  branch  of  industry  in 
which  we  could,  with  Goethe,  ask  for 
more  light,  but  in  this  respect  their 
efforts  should  be  directed  towards 
utilizing  the  amount  of  light  already 
possessed  with  the  greatest  possible 
advantage. 


Toast:    "Oui  Quests." 

The  toast  of  "  Our  Guests "  was 
next  proposed  by  the  Hon.  Secretary, 
IVIr.  L.  Gaster,  who  referred  to  the 
offer  recently  received  from  the  London 
County  Council  to  allow  the  use  of 
certain  schoolrooms  for  experimental 
hghting  with  gas  and  electricity.  The 
London  County  Council  had  rendered 
great  assistance  in  another  direction, 
namely,  by  making  arrangements  for 
courses  on  illuminating  engineering  at 
three  colleges  ;  and  it  was  in  respect 
of  this  assistance  that  they  particularly 
welcomed  that  evening  Sir  Laurence 
Gomme,  Clerk  to  the  London  County 
Council,  through  whose  good  offices 
these  results  had  been  obtained. 

It  might  be  interesting  to  recall  that 
he  had  approached  the  London  County 
Council  as  far  back  as  1906  on  this 
subject,  but  at  that  time  little  further 
was  done,  mainly  because  there  was  a 
difficulty  in  finding  people  able  to  give 
instruction  in  illuminating  engineering. 
But  when  the  time  was  ripe,  and  the 
movement  further  advanced,  he  had 
again  broached  the  project,  and  the 
present  courses  were  the  result.  He 
would  like  to  suggest,  however,  that  in 
future  these  courses  might  form  a 
definite  part  of  the  college  curriculum  : 
the  satisfactory  attendance  secured  in 
the  present  circumstances  (Avhen  the 
course  was  optional  and  an  extra  fee 
asked)  showed  the  demand  for  informa- 
tion on  illuminating  engineering,  and 
this  was  a  field  in  which  there  would  be 
ample  opportunity  for  employment  in 
the  future. 

He  also  Avished  to  couple  Adth  the 
toast  the  name  of  Sir  Arthur  White- 
legge,  H.M.  Chief  Inspector  of  Fac- 
tories, through  whose  active  co-opera- 
tion the  Committee  on  the  Lighting  of 
Factories  and  Workshops  had  been 
appointed.  It  was  also  due  to  the 
interest  which  Sir  Arthur  Whitelegge 
had  taken  in  the  subject  that  the  Home 
Office  had  been  officially  represented  at 
a  number  of  Continental  conferences 
last  year.  Here  again  the  step  of 
appointing  a  Committee  on  Illumina- 
tion had  been  the  result  of  a  gradual 
evolution.  The  events  at  the  Congress 
on  Industrial  Hygiene  in  Brussels  in 
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1910,  and  the  subsequent  International 
Congress  for  the  Prevention  of  Indus- 
trial Accidents  in  1912,  had  brought 
home  the  need  for  good  lighting  in 
many  different  quarters,  and  after  due 
deUberation  the  need  for  an  inquiry 
became  manifest. 

Another  guest  whose  presence 
they  much  appreciated,  Dr.  GJazebrook, 
was  the  Chairman  of  the  Committee 
on  Illumination  already  referred  to. 
Dr.  Glazebrook  was  also  known  to 
them  as  the  Director  of  the  National 
Physical  Laboratory,  where  so  many 
accurate  researches  on  photometry  had 
been  carried  out.  The  Government 
laboratories  in  France,  Germany,  and 
the  LTnited  States,  as  well  as  the  Na- 
tional Phj\sical  Laboratory  in  this 
country,  had  done  exceedingly  valu- 
able work  in  connexion  with  the  rela- 
tions between  the  units  of  light  used 
in  different  countries.  All  would  agree 
as  to  the  importance  of  the  simphfica- 
tion  recently  arrived  at,  by  which 
three  of  the  above  countries  now  em- 
ployed the  same  unit. 

The  Illuminating  Engineering  Society 
that  had  just  come  into  existence  in  Ger- 
many was  formed  under  the  auspices 
of  the  Technische  Physikalische  Reichs- 
anstalt.  He  hoped  that  the  National 
Physical  Laboratory  would  likewise 
give  its  sjniipathy  and  support  to  the 
illuminating  engineering  movement  in 
this  country. 

Sir  Arthur  Whitelegge  (H.M. 
Chief  Inspector  of  Factories),  in  reply- 
ing, commented  upon  the  general 
ignorance  in  matters  of  illumination, 
and  expressed  his  gratitude  to  Mr. 
Gaster  for  his  apiweciative  reference  to 
the  work  which  the  Home  Office  was 
now  doing.  The  Departmental  Com- 
mittee was  now  about  to  enter  upon 
its  duties  ;  indeed,  it  was  starting  at 
2.30  on  the  follo%\dng  day.  It  was 
evident  that  they  would  have  to  con- 
sider a  vast  variety  of  questions  which 
presented  themselves  in  the  different 
branches  of  industry.  They  would  be 
concerned  with  every  branch  of  in- 
dustry that  came  within  the  wide 
range  of  factories  and  workshops,  and 
in  this  connexion  they  would  have  the 


fullest  advantage  of  the  splendid  work 
that  had  already  been  done,  and  which 
he  was  confident  would  continue  to  be 
done,  by  the  Illuminating  Engineering 
Society. 

Sir  Laurence  Gomme  (Clerk  to  the 
London  County  Council)  also  responded, 
and  dwelt  upon  the  necessity  for 
making  the  movement  towards  a  better 
appreciation  of  good  lighting  an  inter- 
national one.  Our  ci\'ilization  was,  he 
said,  the  stupidest  sort  of  civilization 
that  ever  the  world  had  known,  for  we 
drew  fences  round  our  different  centres 
instead  of  opening  up  our  interests  and 
loiowledge  of  what  the  world  produces. 
He  was  glad  to  think  that  the  Illu- 
minating Engineering  Movement,  by 
creating  sympathy  between  workers  in 
different  countries,  was  helping  to 
break  those  barriers  down. 


Toast 


The  Chairman." 


Dr.  R.  T.  Glazebrook,  F.R.S., briefly 
proposed  the  final  toast,  "  The  Chair- 
man," who,  he  said,  was  so  well  known 
to  them  all  that  he  needed  little  recom- 
mendation. He  could  appreciate  to 
the  full  the  advantage  to  the  Illuminat- 
ing Engineering  Society  in  having 
Prof.  Thompson  as  its  President  in  the 
early  stages.  He  himself  would  now 
be  brought  in  close  touch  with  lighting 
problems  in  connexion  with  the  newly 
appointed  Committee,  which  had  very 
heavy,  but  valuable  work  before  it. 

Prof.  Thompson,  in  reply,  expressed 
the  hope  that  the  Mork  of  the  Society 
would  do  something  towards  the  promo- 
tion of  a  better  understanding  between 
conflicting  parties,  not  only  in  this 
country,  but  in  other  countries.  Dur- 
ing the  past  few  years,  in  the  electrical 
industry,  the  immense  advantage  of 
good  international  relations  with  other 
countries  had  been  manifest,  and  that 
same  stage  had  now  been  reached  in 
regard  to  illuminating  engineering. 
But  we  had  only  just  embarked  upon 
international  agreement  in  matters 
photometric,  and  he  hoped  that  in  the 
future  a  fuller  understancUng  would  te 
reached. 
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Short  Notes  on 
Illuminating  Engineering. 


GOOD  EDUCATIONAL  WORK  BY  THE 
AMERICAN   MUSEUM  OF  SAFETY. 

Valuable  work  is  being  done  by  Dr. 
W.  H.  Tolman  at  the  American  Museum 
of  Safety  in  New  York. 

On  November  7th,  1912,  the  Board 
of  Education  assented  to  a  resolution 
arranging  for  co-operation  Mdth  schools 
in  the  form  of  lectures,  &c.,  with  a 
view  to  pointing  out  to  the  children 
the  precautions  to  be  taken  in  avoiding 
accidents  from  vehicles  in  the  streets. 
It  is  stated  that  in  the  six  months 
ending  last  September,  during  which 
instruction  in  this  subject  has  been 
introduced  in  the  schools  of  New 
Jersey,  the  number  of  accidents  to 
scliool  children  in  the  State  diminished 
by  44  per  cent.  In  view  of  the  agita- 
tion in  London  regarding  street  acci- 
dents, this  step  is  worthy  of  notice. 
One  of  the  causes  of  such  accidents 
is  the  imperfect  method  of  lighting 
adopted  in  some  streets.  Every  effort 
is  made  to  increase  the  illumination. 
But  has  the  dazzhng  effect  of  brilliant 
lights  been  sufficiently  appreciated  yet  ? 

NO    LIGHT    IN    ADRIANOPLE. 

It  appears  that  the  occupants  of 
Adrianople  have  been  having  a  bad 
time,  provisions  having  reached  a  very 
low  ebb.  A  recent  Central  News  mes- 
sage concludes  an  account  of  the 
distress  in  the  fortress  by  the  culminat- 
ing announcement : — 

"  Adrianople  is  entirely  witliout  light 
during  the  night." 


ELECTRICITY    FROM    THE    VILLAGE 
STREAM. 

We  notice  in  The  Daily  Mirror  an 
account  of  what  is  apparently  the 
smallest  village  in  the  United  Kingdom 
to  have  an  electric  lighting  station  of 
its  own,  namely,  Kettlewell,  near  Gras- 
sington. 

The  village  has  only  seventy-seven 
houses  and  about  300  inhabitants,  but 
its  chief  citizens  have  devised  a  scheme 
of  using  the  Kettlewell  Beck  (a  local 
stream)  to  provide  electricity.  It  is 
calculated  that,  even  in  the  driest 
weather,  the  stream  ^vill  produce 
enough  electricity  to  supply  400  twenty- 
five  c.-p.  lamps.  A  capital  of  £625  has 
already  been  suljscribed,  and  the  cost 
of  the  liglit  to  users  is  expected  to  be 
Qd.  a  unit. 


The  above  illustration  is  a  da\  lignt  photo- 
graph reproduced  from  an  article  in  an  American 
contemporarj-  on  the  applications  of  electricity 
in  the  factory.  The  row  of  bare  lamps  in  line 
with  the  workers'  eyes  suggests  that  one  im- 
portant application— illumination— has  not  been 
sutiiciently  studied  1 
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NEW    LIGHTING    DEVICES    ON    THE 

UNDERGROUND  RAILWAYS  OF 

LONDON. 

The  enterprising  methods  of  lighting 
adopted  by  the  Tubes  and  Under- 
ground railways  of  London  are  always 
interesting.  The  convenience  of  the 
system  of  illuminated  notices,  showing 
at  a  glance  the  destination  of  the  next 
train,  has  been  firmly  established,  and 
is  now  being  introduced  in  manj^ 
suburban  stations.  One  of  the  most 
effective  recent  installations  of  this 
kind  is  at  Finsbury  Park  (London,  N.), 
where  the  complexity  of  the  service 
is  apt  to  be  bewildering  to  passengers 
unfamiliar  with  the  station. 

Another  novelty  to  be  seen  at  some 
of  the  Underground  stations  (for  ex- 
ample, St.  James's  Park)  is  the  use  of 
concealed  lighting  to  illuminate  the 
names  of  the  stations  and  cause  them 
to  stand  out  strongly — a  device  which 
is  particularly  needful  in  these  days  of 
pictorial  advertisements.  At  Waterloo 
Station  and  elsewhere  an  effective  in- 
timation of  the  whereabouts  of  the 
Bakerloo  tube  is  provided  by  a  large 
box  with  translucent  sides,  bearing  the 
name  of  the  railway,  and  strongly 
illuminated  b}^  a  flame  arc  placed  inside. 

The  characteristic  of  all  these  devices 
is  that  the  lamp  itself  is  liidden,  but 
its  light  is  effectively  utilized  for  the 
purpose  in  view. 

CLASSIFICATION  OF  ACCIDENTS. 

Mr.  E.  S.  Lott,  President  of  the 
United  States  Casualty  Co.,  of  New 
York,  read  a  paper  on  this  subject 
before  tlie  Chicago  Conference  of  the 
American  Association  for  Labour  Legis- 
lation on  September  15th  last,  in  which 
he  empliasized  the  importance  to  insur- 
ance companies  of  classifying  accidents. 
Information  on  this  point  is  of  im- 
mense value  to  the  State  and  to  insur- 
ance companies,  whose  function  it  is, 


in  their  own  interest,  to  prevent  acci- 
dents. Yet,  in  spite  of  the  volume  of 
statistics  collected,  little  has  yet  been 
done  to  ascertain  and  record  the  causes 
to  which  each  accident  is  due. 

Mr.  Lott  suggests  a  series  of  a  dozen 
main  causes,  one  of  the  most  important 
of  which  is  insufficient  lightijig. 

FATALITY   THROUGH   THE   EXTINC- 
TION OF  A  PUBLIC  LAMP. 

A  RECENT  NUMBER  of  The  Joumol  of 
Gas  Lighting  mentions  the  case  of  a 
carter  who  was  pinned  between  the 
shafts  of  a  waggon  and  a  fence  when 
leading  his  horse  in  a  very  dark  and 
narrow  road  in  West  Bromwich.  It  is 
stated  that  the  public  lamp  at  this 
spot  was  out  at  the  time  of  the  acci- 
dent ;  the  carter  did  not  observe  the 
depression  in  the  road  into  which  one 
of  the  wheels  of  the  waggon  sank, 
causing  the  vehicle  to  swerve  on  one 
side. 

For  the  time  being  it  is  not  evident 
how  the  lamp  came  to  be  extinguished. 
The  inspector  stated  that  it  was  lighted 
every  afternoon  at  half-past  four,  and 
that  he  always  paid  special  attention 
to  this  matter,  knowing  the  dangerous 
nature  of  the  road.  The  jury  recog- 
nized the  importance  of  efficient  light- 
ing in  these  circumstances,  but  also 
recommended  that  the  road  should  be 
widened. 

HOW  TO  WIRE  CURVED  ELECTRICAL 
FITTINGS. 

Much  time  is  sometimes  Masted  in 
wiring  curved  electrical  fittings,  and  it 
is  often  no  easy  matter  to  get  the  wire 
round  the  sharp  bends.  A  simple 
time-saving  method  in  such  cases  is 
to  use  a  heavy  shot  in  wliich  a  nick 
is  cut.  The  wire  is  inserted  through 
the  nick,  and  tlie  shot  is  then  allowed 
to  run  down  the  pipe,  carr\nng  the 
M'ire  with  it. 
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Good  reading  posture. 


Fig.  1.— Daylight 
illumination. 


Good  reading    Ver}'  undesir-    Undesirable  reading  posture, 
posture.  able   reading 

posture. 

Fig.  2. — Manner  in  which  a  table  lamp  may 
be  used. 


MINIATL'RE    LIGHTING 
INSTALLATIONS. 

An  ingenious  inethori  of  showing  lighting  effects  re- 
cently described  in  a  lecture  by  Mr.  P.  S.  Millar  before 
the  New  York  Companies'  section  of  the  National  Elec- 
tric Light  Association. 

In  this  lecture  Mr.  Millar  attempted  to 
sum  up  the  art  of  illumination  in  a 
nutshell,  as  follows  : — 

"  To  render  visible  the  things  which 
it  is  desired  to  have  seen ;  to  establish 
hygienic  conditions  for  vision  ;  to  con- 
form to  cesthetic  requirements ;  and  to 
accomplish  these  things  with  reasonable 
economy.'' 

To  illustrate  modem  methods  of 
lighting,  he  contrived  a  number  of 
miniature  rooms,  each  4  ft.  square  and 


3 1  ft.  high,  in  which  minute  lamps 
and  fixtures,  toy  furniture,  and  small 
dolls — to  represent  human  beings — 
are  f)laced.  In  this  way  the  effects  of 
different  styles  of  lighting,  the  resultant 
distribution  of  illumination,  and  the 
right  and  wrong  positions  for  reading, 
could  be  clearly  demonstrated.  A  few 
jDhotographs  of  these  arrangements  are 
reproduced  in  Figs.  I,  2,  and  3. 

This  method,  although  requiring  a 
little  extra  trouble  on  the  part  of  the 
lecturer,  is  one  that  should  appeal 
strongly  to  a  popular  audience.  In 
illuminating  engineering  an  effective 
appeal  to  the  eye  is  often  better  than 
the  most  elaborate  verbal  explanation. 


Indirect.  Semi-Indirect.  Direct. 

Fig.  3. — Three  common  methods  of  illumination. 
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TRADE    NOTES. 


[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparai  us  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 

forty  Mr.zda,  lamps  concealed  in  special 
reflectors.  A  striking  and  even  illumina- 
tion over  the  face  of  the  board  is  secured. 
The  other  chief  item  of  news,  which 
reached  us  too  late  for  insertion  in  our 
last  number,  is  the  completion  of  the  new 
factory  at  Willesden,  which,  we  under- 
stand, is  now  in  full  swing. 


Some  B.T.H.  Installations. 

From  the  British  Thomson-Houston  Co. 
(Mazda  House,  Ujiper  Thames  Street, 
London,  E.G.)  we  receive,  as  usual,  joar- 
ticulars  of  quite  a  nimiber  of  recent 
installations. 

In  the  account  of  the  lighting  of  a  city 
bank  and  a  modern  hospital  special 
reference  is  made  to  the  soft  illumination 
secured  by  the  "  Eye-rest "  system. 
In  the  hosi:)ital  special  local  lighting 
methods  had  also  to  be  employed,  and 
in  the  operating  theatre  a  sjoecial  fitting, 
giving  an  illumination  on  the  table  of  as 
much  as  30  foot-candles  but  no  harsh 
shadows,  was  contrived  by  the  joint 
efforts  of  the  architect,  the  electrical 
contractors,  and  the  B.T.H.  staff. 


Osram   Expansion. 

Owing  to  the  large  increase  in  the  sales 
of  Osram  lamps  since  their  manufactiu-e 
with  Drawn-wire  Filaments,  the  General 
Electric  Co.,  Ltd.,  have  fomid  it  necessary 
to  provide  for  additional  facilities  for 
handling  orders. 

A  larger  space  at  their  head  office — 
67,  Queen  Victoria  Street,  E.G. — is  now 
devoted  to  the  sale  of  Osrams,  the  counter- 


The  I\hizd;i  Sij'n  at  Vicloria  Station. 


We  are  also  favoured  by  an  account  of 
the  lighting  of  the  Lime  Street  Picture 
House,  Liverpool.  In  cinematogra])h 
theatres  the  problem  of  lighting  long  and 
low  rooms  can  be  met  by  indir(>ct  light- 
ing, which,  it  is  said,  Ijcsides  avoiding 
glare,  does  not  impair  the  a])])earance  of 
the  pictures,  oven  if  the  lights  are  kejjt  on. 

One  of  the  other  articles  b(>fore  us 
describes  an  illuminated  "  Mazda  "  sign 
at  Victoria  Station.  The  board  is  28  ft. 
long  and   6  ft.   deep,   and   is   lighted   by 


room  has  been  doubled,  and  the  new 
counter,  which  is  adjacent  to  the  old 
one,  has  been  sjiecially  reserved  for  sup])ly- 
ing  tlie  following  :  High  Gandle-i)owrr 
Osran>  Liim])s.  all  types  of  Round  IJulb 
Osram  Lamps,  Fancy  Osram  Lamj)s, 
Candle  O.sram  Lamps  (both  twisted  and 
plain).  Spearhead  and  Shadoless  typos 
Osram  Lamjjs.  Osram  Tul)ular  Lamps, 
Osram  Strii>lito  Lami)s,  Osram  Battery 
Lamps  for  Motor-car  Lighting  and  other 
purposes. 
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Dining  fioom  of  Cavendish  Club,  Piccadilly,  lighted  by  Mazda  Lamps  and 
Holophane  Reflectors. 


Personal. 

Messrs.  Siemens  Bros.'  Dynamo  Works, 
Ltd.,  infonii  lis  that  Mr.  H.  8.  Kennedy 
has  been  ai^pointed  to  the  position  of 
Marine  Manager  of  the  Marine  Depart- 
ment of  the  Company,  and  will  now  be 
stationed  in  Crlasgow.  His  friends  will 
congratulate  him  on  this  new  appoint- 
ment. 


Messrs.  Strode  &  Co.  (48,  Osnaburgh 
Street,  London,  X.W. )  inform  ns  that 
this  business  has  been  incorporated  a.s 
a  Private  Limited  Liability  Co.,  under  the 
title  of  Strode  &  Co.,  Ltd.  The  business 
will  still  be  carried  out  under  the  manage- 
ment of  Mr.  D.  M.  Strode  and  G.  W. 
Strode,  with  the  same  staff. 


Venner  Signs  on  the  L.G.G. 
Tramways. 

We  are  informed  that,  on  July  30th 
last,  the  Council  decided  that  numbers 
should  be  attached  to  cars  indicating  the 
route.  The  Highways  Committee  has 
now  decided  that  these  should  consist  of 
plates  manufactured  by  Venners  Signs, 
Ltd. 


Catalogues    Received. 

From  the  A. E.G.  Electric  Co.,  particu- 
lars of  yEgma  drawn-wire  lamps  and 
Holoi)hane  Stiletto  reflectors  ;  British 
Prometheus  Co.,  Ltd.,  Prometheus  electric 
heating  and  cooking  aj)pliances. 


The  Economic  and  Hygienic  Value 
of  Good  Illumination. 

A  paper  on  this  subject  was  read  by 
Mr.  Leon  Ga.ster  before  the  Royal  Society 
of  Arts  (London),  on  February  5th,  Sir 
Arthur  Whitolegge,  H.M.  Chief  Insioector 
of  Factories,  being  in  the  chair.  An 
interesting   discussion   ensued,    in   wliich 


a  number  of  members  of  the  Illuminating 
Engineering  Society  took  part.  Restric- 
tion of  space  j^revents  our  dealing  with 
the  paper  in  this  niunber,  but  we  hope 
to  do  so  shortly. 

The  complete  paper  and  discussion 
was  published  in  the  Journal  of  the 
Royal  Society  of  Ai-ts  for  February  7th, 
1913. 
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Review    of    the    Technical    Press. 


ILLUMINATION  AND  PHOTOMETRY. 

Recent  numbers  of  the  Transactions  of 
the  American  Ilhmiinating  Engineering 
Society  are  devoted  to  papers  read  at  the 
Annual  Convention  in  1912,  which  have 
been  already  noticed  in  this  journal. 

E.  P.  Hyde  {Elec.  Rev.,  N.Y., 
Feb.  1)  gives  an  account  of  an  instru- 
ment for  reading  "  watts  per  C.P." 
direct,  devised  at  the  Physical  Laboratory 
of  the  National  Electric  Light  Associa- 
tion ;  and  R.  F.  Pierce  {Elec.  World, 
Feb.  8)  describes  a  new  method  Of 
arranging  polar  distribution  curves,  the 
candle-power  values  being  plotted  on  one 
side  of  the  diagram,  and  the  flux  on  the 
other. 

The  Journal  f.  Gasheleuchtung  pviblishes 
a  notice  of  the  formation  of  the  Illu- 
minating Engineering  Society  in  Ger- 
many, including  the  names  of  a  series  of 
influential  supporters,  many  of  whom  are 
also  members  of  the  British  Society. 
The  first  meeting  was  held  in  Berlin 
on  Feb.  24th. 

Turning  to  more  popular  articles,  we 
note  a  readable  account  of  references  to 
Light    in    Mythology  and     Religion,    in 

The  Edison  Mo)dhly  ;  some  rej^roduc- 
tions  of  famous  illustrations  and  engrav- 
ings, representing  the  triumph  of  light 
over  darkness,  are  also  given. 

Reference  may  also  be  made  to  an 
article  by  W.  D.  Bancroft  (Jour. 
Franklin  Inst.,  Feb.).  Ho  deals  with 
Chemical  Production  of  Light,  classifies 
the  various  kinds  of  luminescence,  and 
gives  a  very  complete  series  of  references. 

ELECTRIC     LIGHTING. 

The  articles  on  electric  lighting  do  not 
contain  any  very  novel  matter.  J.  C. 
Pole  gives  a  general  account  of  the 
Quartz  Tube  Mercury  Vapour  Lamp 
{Elec.  Rev.,  N.Y.,  Feb.  8),  in  wliich  tlie 
construction  and  starting  chai'acteristics 
of  the  lamp  are  illustrated.     VV.  Fennel 


{Elec.  Rev.,  Feb.  14)  gives  some  figures  for 
the  cost  of  Outside  Shoplighting  by  Arc 
Lamps,  and  suggests  some  methods  of 
charging  likely  to  induce  merchants  to 
install  such  lamps. 

An  interesting  account  of  an  Edison 
battery  outfit  and  Portable  Lamp  for 
Mines  is  given  in  The  Electrical  World 
(Jan.  25).  The  lamp  has  gained  the 
Rathenau  Medal  of  the  .American  Museiun 
of  Safety.  The  battery  weighs  about 
2  lb.,  and  will  give  4  amp. -hours,  and  the 
lamp  used  is  rated  to  give  2  c.-p. 

Recent  serial  articles  in  the  Zeitschrift 
fiir  Beleuchtungswesen  on  progress  in  glow 
lam^DS  are  devoted  mainly  to  new  methods 
of  evacuation,  also  novel  forms  of 
lamiD-filaments  and  bulbs  giving  a  focus- 
sing effect. 

GAS    LIGHTING,  &c. 

Perhaps  the  most  interesting  item  in 
this  section  is  the  annoimcement  of  an 
improvement  in  the  Keith  high-pressure 
lamps  consisting  in  a  very  small  and 
compact  Quartz  Glass  Globe,  which  can 
be  arranged  to  come  quite  close  round 
the  mantle.  This  gives  an  improvement 
of  10  per  cent  in  efficiency,  and  gi'eatly 
reduces  the  overall  dimensions  of  the 
lamps  ;  the  new  globes  are  also  said  to 
be  very  durable,  and  will  not  break  if 
the  mantle  gives  way  and  the  flame 
flashes  through. 

G.  HiMMEL  {J.f.G..  Fel).  8)  deals  with 
methods  of  suspending  High-pressure 
Lamps  over  the  Centre  of  the  Roadway, 
and  arranging  for  tliem  to  be  lowered 
when  necessary  to  receive  attention.  He 
gives  a  summary  of  the  chief  require- 
ments with  which  such  an  arrangement 
must  comply  to  be  successful  in  practice. 

C.   H.   WoBDiNOHAM  {J.O.L.,  Feb.  11) 

contributes  an  article  pointing  nut  the 
advantages  of  Combined  Gas  and  Elec- 
tricity Supply  —  an  article  which  has 
aroused  nuich  comment  in  the  press. 
Sui-ely  a  sign  of  the  times  ! 
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Several    recent    articles    on    acetylene  unattended    signal    lights.     Reference    is 

deserve    attention.     The    Zeitschrift    jiir  also  made  to  a  new  Acetylene  Signal  Gun^ 

Beleuchtungswesen    describes    some    j^ort-  which     can    be    fired    automatically    at 

able  lamps  and  motor  headlights  ;     and  intervals  of  half  a  minute.     Attemj^ts  are 

the      Acetylene     Lighting     and     Welding  being  made  to  control  the  operation  of 

Journal  gives   an   account  of  automatic  this  from  the  shore  by  wireless  means. 
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The   Centenary   of  Gas   Supply. 

This  number  is  devoted  to  the  special  lecture  on  the  history 
of  gas  lighting  dehvered  by  Mr.  W.  J.  Liberty  before  the  Illu- 
minating Engineering  Society  on  March  nth. 

The  present  year,  being  the  centenary  of  gas  supply  and 
the  jubilee  year  of  the  Institution  of  Gas  Engineers,  the  moment 
is  opportune  for  the  lecture.  Mr.  Liberty  has  presented  a 
record  of  events  which,  besides  being  interesting  at  the  present 
moment,  will  doubtless  prove  useful  for  reference  in  years  to  come. 
The  latter  part  of  the  lecture,  dealing  mainly  with  the  develop- 
ments of  lamps,  burners,  and  illumination  has  perhaps  the  greatest 
technical  interest  for  our  members.  But  the  account  of  the  diffi- 
culties and  prolonged  upward  struggles  of  gas  lighting  during  the 
early  part  of  last  century  has  also  a  strong  human  interest  which 
will  grip  even  those  quite  outside  the  gas  industry. 

We  in  the  present  day  can  probably  form  only  an  imperfect 
conception  of  the  immense  difticulties  that  beset  the  pioneers 
of  gas  lighting.  In  addition  to  the  opposition  of  those  who  feared 
that  trade  interests  might  be  threatened,  there  was  the  diffi- 
culty of  convincing  even  the  well-disposed  that  the  undertaking 
was  practicable.     We  must  remember  that  in  those  days  the  idea 
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that  the  means  of  hghting  could  be  conveyed  through  pipes 
from  a  central  generating  station  was  so  novel  as  to  be  almost 
impossible  for  the  public  to  grasp.  No  doubt  the  slow  education 
of  the  public  to  this  conception  did  much  to  pave  the  way  for 
electric  lighting.  People  who  had  become  famihar  with  the 
conveyance  of  gas  through  pipes  were  the  more  ready  to  admit 
the  possibility  of  transmitting  electricity  along  wires. 

But  even  when  prejudice  and  opposition  from  without  had 
been  overcome  the  earty  pioneers  were  still  faced  by  difficulties 
from  within.  The  problems  of  measuring  the  gas  consumed, 
purification,  and  prevention  of  leakage  were  but  slowly  solved, 
and  it  will  be  readily  understood  that  the  unfavourable  impression 
derived  from  early  failures  in  this  respect  only  gradually  passed 
away.  Again,  when  the  technicalities  of  gas  distribution  had  to 
some  extent  been  mastered,  there  came  the  financial  troubles 
which  for  a  long  time  harassed  the  various  companies.  The  story 
of  the  mutual  distrust  and  competition  between  those  engaged  in 
fighting  the  same  battle  makes  strange  reading  to-day. 

Eventually  the  period  of  amalgamation  began,  and  the 
financial  position  of  the  companies  improved.  It  may  be  believed 
that  the  consumer  did  in  the  long  run  benefit  from  the  greater 
stability  of  the  industry  and  more  perfectly  organized  service. 
But  the  natural  results  of  unrestricted  monopoly  soon  became 
evident.  The  profits  earned  by  the  companies  at  this  time  were 
out  of  all  proportion  to  the  services  given,  and  the  consumers  had 
to  go  to  Parliament  to  redress  their  grievances. 

But  even  when  the  price  of  gas  had  been  lowered  the  position 
of  the  industry  was  not  healthy.  It  still  suffered  from  its  sense 
of  security,  and  a  period  of  stagnation  set  in.  It  was  only  the 
bracing  competition  of  electricity  in  the  eighties  that  aroused 
the  progressive  instinct  once  more.  Since  that  time  both  illu- 
minants  have  developed  side  by  side.  Any  forward  step  in  the 
one  has  called  forth  a  corresponding  effort  on  the  part  of  the 
other. 

It  is  probable  that  few  people  fully  appreciate  the  enormous 
capital  that  has  gradually  been  sunk  in  the  gas  industry,  and  the 
very  large  number  of  people  who  depend  upon  it  for  their  livelihood 
—a  relation  that  has  been  strengthened  by  the  system  of  co- 
partnership now  adopted  by  practically  all  the  leading  companies. 
In  addition,  the  complex  ramifications  of  the  vast  business  built 
up  on  the  disposal  of  coal-tar  products,  and  the  large  number  of 
trades  that  are  practically  interested  in  the  sale  of  coal,  gas,  and 
coke  make  the  position  of  the  gas  industry  unassailable. 

We,  ourselves,  believe  that  there  is  ample  room  for  both  gas 
and  electric  lighting.     Just  in  the  same  way  as  the  candle  makers 
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and  manufacturers  of  oil  lamps,  who  believed  their  trade  to  be 
menaced  when  gas  was  introduced,  are  now  making  more  lamps 
and  candles  than  they  ever  did  ;  so,  the  development  of  electric 
Hghting,  by  stimulating  the  pubhc  appetite  for  improved  illu- 
mination, has  been  on  the  whole  actually  beneficial  to  gas. 

It  is  idle  to  suppose  that  an  industry  would  not  have 
received  this  strong  support  if  it  had  not  represented  a  comi- 
modity  for  which  there  is  a  genuine  public  demand,  for  heatmg, 
lighting,  and  power.  We  beheve  that  the  tendency  in  the  future 
will  be  towards  closer  co  operation  between  gas  and  electric 
interests,  and  that  in  times  to  come  the  pohcy  of  unreasonable 
competition  will  seem  as  singular  as  the  conflicts  between  the 
early  gas  companies  appear  to  us  to-day.  There  are  already 
a  large  number  of  municipal  authorities  owning  both  gas  and 
electricity  supply  works,  and  we  see  promise  of  co-operation 
m  other' directions.  It  is  therefore  clearly  desirable  to  study 
in  a  dispassionate  manner  the  legitimate  spheres  of  action 
of  both  illuminants,  and  for  the  gas  and  electrical  industries 
to  help  each  other  as  far  as  possible,  instead  of  spending 
their  strength  in  mutual  opposition.  We  venture  to  hope  that 
the  Illuminating  Engineering  Society  will  be  a  great  force  for 
good  in  this  direction. 

The   Gas   Industry   and   Illuminating   Engineering. 

In  the  early  part  of  his  lecture  Mr.  Liberty  showed  how  the 
gas  companies  were  gradually  driven  by  the  force  of  circumstances 
to  improve  the  quality  of  gas  supphed,  and  adopt  more  perfect 
methods  of  purification.  It  must  be  remembered  that  gas  was 
widely  used  for  public  lighting  long  before  it  could  be  generally 
used  for  illuminating  interiors.  Indeed,  even  the  Royal  Society 
of  Arts,  always  to  the  front  in  adopting  new  methods  of  lighting, 
only  finally  replaced  their  oil  lamps  by  gas  in  1854. 

It  was  natural  that  attention  should  next  be  concentrated 
on  the  design  of  hghting  appliances.  The  history  of  the  deve- 
lopment of  lamps  and  burners  was  sketched  in  the  second  section 
of  this  lecture,  and  illustrated  by  an  exhibit  showing  the  gradual 
development  from  the  first  iron  burners  up  to  the  most  up-to- 
date  forms  of  lamps.  It  is  a  big  step  from  the  flat  flame 
burner  of  our  boyhood  to  the  high-pressure  lamps  of  to-day. 
Many  of  us  can  remember  how  dark  and  dismal  night  travellins: 
in  London  used  to  be  in  the  early  eighties.  But  if  we  go  back  to 
the  beginning  of  the  century,  when  Pall  Mall  was  first  illuminated 
by  gas,  it  becomes  difficult  to  realize  how  dimly  hghted  the  streets 
must  have  been.  Some  evidence  given  before  the  Commission 
on  the  Bill  of  1909,  and  referred  to  in  this  journal,*  gives  an  idea 
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of  the  approximate  light  yielded  by  these  earlv  lamps.  They  are 
said  to  have  been  equal  to  about  eighteen  of  the  old  oil  Parish 
lamps  they  superseded,  and  probably  gave  not  far  from  3-5  c.-p. 
Contrast  this  with  the  modern  high-pressure  street  lamps  giving 
2,000  or  even  4,000  candle-power ! 

It  would  indeed  be  difficult  to  over-estimate  the  social  value 
of  the  development  of  illumination  during  the  past  century.  The 
effect  of  artificial  light  being  available  so  much  more  readily  in  the 
evenings  has  enabled  people  to  turn  their  leisure  to  good  account 
and  to  cultivate  their  minds  ;  and  it  is  surely  more  than  a  co- 
incidence that  the  development  of  gas  lighting  coincided  with  the 
increased  output  of  printed  matter  and  the  movement  for  im- 
proved popular  education.  In  addition,  there  are  man^^  in- 
dustries which  may  be  said  to  owe  their  existence  to  the  fact  of 
abundant  artificial  light  being  obtainable  at  night. 

The  improvement  in  lamps  and  burners  was  a  natural  deve- 
lopment following  the  greater  care  bestowed  on  the  quality  of  gas, 
and  during  recent  years  the  tendency  has  become  increasingly 
manifest  for  the  gas  companies  to  take  more  interest  in  practical 
problems  of  illumination.  Their  functions  no  longer  stop  short 
of  the  delivery  of  the  gas,  but  embrace  the  problem  of  the  best 
methods  of  using  it.  Maintenance  schemes  are  now  becoming 
general,  and  it  may  be  predicted  that  in  the  course  of  time  the 
planning  of  gas-lighting  instahations  and  the  scientific  scheming 
out  of  novel  and  efficient  types  of  units  will  be  much  more 
energetically  taken  up  than  at  present. 

We  are  now  embarking  on  a  fresh  stage  in  the  lighting  in- 
dustries during  which  more  attention  will  be  paid  to  the  best 
methods  of  making  use  of  light  than  ever  before.  Illuminating 
engineering  will  prove  a  greal  help  alike  to  the  gas  and  the  electrical 
industry.  We  therefore  take  this  opportunity  of  repeating  the 
welcome  extended  at  the  meeting  to  the  gas  industry  to  support 
the  illuminating  engineering  movement.  At  present  the  number 
of  representatives  of  gas  lighting  in  the  ranks  of  the  Society  is 
not  adequate.  We  hope  that  very  shortly  the  industry  will  be 
more  fitly  represented. 

Many  are  the  friendships  that  have  been  formed  between 
those  interested  in  difterent  methods  of  lighting,  who  find  in  our 
Society  a  common  meeting  ground  where  they  can  exchange 
ideas  and  learn  to  respect  each  others'  points  of  view.  The 
modern  tendency,  not  only  in  business,  but  in  international 
relations  also,  is  towards  mutual  toleration  and  compromise,  and 
this  is  the  spirit  that  the  Illuminating  Engineering  Society  desires 
to  foster. 

Leon  Gaster. 
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OF 


(Founded   in   London,    1900.) 

The  Illuminating  Evgineering  Society  is  not,  as  a  bod//,  responsible  for    tlie  opinions 
expressed  by  individaul  authors  or  speakers. 

The  Centenary  of  Gas  Lighting  and  its  Historical  Development. 


A  MEETING  was  held  in  the  rooms  of 
tlie  Roj^al  Society  of  Aits  on  Tuesda}^ 
Marcli  11th,  Mc' F.  W.  Gcodenough 
in  the  chair. 

The  minutes  of  the  previous  meeting 
having  been  taken  as  read,  the  names 
of  apphcants  for  membership  Avere 
announced  in  the  usual  wa}'. 

The  Chairman  then  added  that  on 
Aj^ril  15th  a  joint  meeting  would  be 
held  with  the  Institutions  of  Gas  and 
Electrical  Engineers  and  the  Institu- 
tion of  Municipal  and  County  Engi- 
neers, when  Mr.  Trotter  would  present 
a  paper  on  'Street  Lighting,  \\ith 
special  reference  to  the  Standard  Speci- 
fication.' Those  desiring  to  be  present, 
and  wishing  to  have  advance  copies 
of  the  paper,  were  requested  to  com- 
municate witli  the  Honorary  Secretary. 

Continuing,  the  Chairman  said  that 
the  meeting  that  evening  was  a  special 
one  devoted  to  the  gas  industry,  and 
they  had  the  pleasure  of  having  pre- 
sent— and  he  was  now  going  to  ask 
him  to  take  the  chair — Mr.  Bond,  of 
Southport,  Vice-President  of  tlie  In- 
stitution of  Gas  Engineers.  Sir  Corbet 
Woodall,  the  President  of  the  Insti- 
tution of  Gas  Engineers,  was  un- 
fortunately forbidden  by  his  doctor  to 
take  more  evening  engagements  than 
he  was  compelled  to ;  in  his  absence 
Mr.  Bond  had  very  kindly  consented 
to  preside. 

Mr.  J.  Bond  (Southport)  then  briefly 
called  upon  Mr.  Liberty  to  dehver  his 
lecture,  which  will  be  found  in  exlen&o 
on  pp.  175-230. 

The  Chairman,  at  the  close  of  the 
lecture,  expressed  the  tlianks  of  tlie 
meeting  to  Mr.  Liberty  for  the  very 
interesting  way  in  ■v\hich  he  bad  dealt 


with  the  history  of  gas  lighting,  pointing 
out  the  vaiious  difficulties  in  connexion 
Avith  leakage  and  purification  met 
with  in  the  early  stages.  He  be- 
lieved that  in  some  of  the  London 
streets  old  wooden  mains  had  actually 
been  unearthed  ;  these,  of  course, 
would  account  for  a  big  loss.  At 
the  present  time,  however,  there  A^as 
practically  no  loss  throi^gh  leakage 
from  faulty  mains.  He  now  called 
upon  Mr.  Doig  Gibb  to  second  the  vote 
of  thanks. 

Mr.  EoiG  GiEB,  in  scconc.irig  the 
vote  of  thanks,  mentioned  that  he  had 
recently  con  c  into  possession  of  a 
great  many  of  the  pamphlets  apper- 
taining to  the  c.ifftrent  gas  companies 
which  weie  in  active  competition  in 
Edinburgh  in  the  beginning  of  last 
century,  and  had  been  much  amuced 
by  a  serious  proposal  that  cans  of 
compressed  gas  should  be  delivered  to 
the  subscribers  each  morning  with  the 
milk.  This  bore  out  Mr.  Liberty's  re- 
marks as  to  the  extraordinary  rature 
of  the  competition  Mhieh  used  to  exist 
in  many  of  the  provincial  toAvns. 
Another  interesting  feature  of  this 
early  litcratuie  of  the  Edinburgh  gas 
companies  was  that  n-.any  of  the 
pamphlets  were  signed  with  tlie  photo- 
graph of  Sir  Walter  Scott.  tl:e  great 
historical  novelist,  who,  probably  son.e 
were  aware,  Mas  cha'rman  of  one  of 
the  Edinburgh  gas  companies  for  a 
great  number  of  jears.  It  was  in- 
teresting to  ol  serve  that  the  Gas  Light 
and  Coke  Company,  which  origiually 
only  used  400  tons  of  coal  per  annum, 
now  used  2\  millions. 

Everybody  would  agree  that  the  pre- 
paration of  this   discourse  had   meant 


174 


THE  ILLUMINATING  ENGINEER. 


a  very  considerable  amount  of  research 
work,  and  Mr.  Liberty  had  undertaken  a 
gigantic  task  in  condensing  into  one 
lecture  a  history  -which  could  profitably 
occupy  a  series  of  lectures. 

Mr.  F.  W.  GooDENOTJGH,  on  behalf 
of  the  I'luminating  Engineering  Society, 
said  he  would  like  to  add  a  word  or 
two  of  joint  congratulation  and  con- 
dolence to  Mr.  Liberty:  congratulation 
upon  the  success  with  which  he  had 
brouglit  together  all  the  material  for 
a  coniftlete  history  of  gas  lighting  for 
a  hundred  years,  and  condolence  in 
the  same  direction  that  IVIr.  Doig  Gibb 
had  mentioned  in  the  very  trying  task 
of  attempting  to  select  from  the  won- 
derful fund  of  information  that  he  had 
got  together  enough — and  only  enough 
— ^to  keep  within  the  time  at  his  dis- 
posal. They  would  all  look  forward  to 
reading  the  lecture  when  it  appeared 
in  the  journal.  Mr.  Doig  Gibb  had 
referred  to  the  400  tons  of  coal  which 
the  Gas  Liglit  and  Coke  Company 
started  with,  and  it  Avas  rather  inter- 
esting to  know  that  at  the  present 
time  the  Company  used  in  twelve 
hours  just  the  same  quantity  as  was 
used  in  twelve  months  when  the  Com- 
pany- started,  and  this,  he  thought,  put 
in  rather  a  striking  way  the  dif- 
ference between  a  hundred  j-ears  ago 
and  to-day. 

Mr.  Liberty  had  referred  to  the 
advice  of  King  Henrj'  to  hang  thiev^es, 
and    this    reminded    him    of    the    old 


saying  that  "  every  gas  lamp  was  as 
good  as  a  policeman." 

]\Ir.  Leox  Gaster  congratulated  Mr. 
Libert}  on  his  lecture,  and  expressed 
the  pleasure  that  it  gave  the  Society  to 
see  so  many  representatives  of  the  gas 
industry  present.  One  of  the  most 
striking  things  about  the  lighting  in- 
dustry of  to-day  was  the  increased  at- 
tention paid  to  the  way  in  which  the 
illurainant,  whether  gas  or  electricity, 
was  used.  Light  is  the  cause  ;  illumi- 
nation the  effect.  All  were  interested 
in  the  provision  of  good  i  lumination, 
and  he  hop?d  that  many  of  those 
present  would  support  the  Society  in 
its  efforts  to  solve  this  problem,  and  to 
educate  the  general  public.  In  con- 
clusion, he  expressed  special  acknow- 
ledgment of  Mr.  Bond's  kindness  in 
presiding  at  the  meeting. 

Mr.  Liberty  briefly  acknowledged  the 
vote  of  thanks,  adding  that  he  himself 
was  much  indebted  to  the  help  derived 
from  many  quarters,  particularly  The 
Gas  World  and  The  Journal  of  Gas- 
lighting,  and  the  Gas  Light  and  Coke. 
South  Metropohtan,  and  Tottenham 
and  Edmonton  Gas  Companies.  He 
had  also  to  acknowledge  the  help  of 
those  firms  who  had  assisted  by  the 
exhibition  of  lamps  and  apparatus. 

The  Chairmax,  in  bringing  the  pro- 
ceedings to  a  close,  expressed  the 
pleasure  it  had  given  him  to  preside  at  a 
meeting  of  the  lUuminating  Engineering 
Society,  which  was  doing  a  great  deal  to 
help  on  the  cause  of  good  illumination. 


New  Members  of  the  Society. 

The  name.s  of  tlie  apj^licants  for  membership,  read  out  at  the  previous  meeting  on 
February  18th,*  have  now  been  formally  announced  for  the  second  time,  and  these 
gentlemen  were  declared  Members  of  the  Illiuninating  Engineering  Society.  In  addi- 
tion, the  names  of  the  following  gentlemen  have  been  duly  .submitted  and  approved 
by  the  ("ouncil,  and  were  read  out  by  the  Hon.  Secretary  at  the  meeting  of  the  Society 
on  Marcli  11th  : — 


Ordinary  Members. 

Blackmore,  A. 
Clevesley,  A.  J. 

Moss,  H. 

Porter,  G. 

Yoimg,  H.  T. 


Electrical  Contractor,  5,  Montpelier  Street,  London. 
Engineer    and    Expert    in    Petrol    Air-Gas    Ligliting, 

58,  Dimedin  Road,  Leyton,  Essex. 
Electrical     Contractor,     116,    Horton    Grange    Road, 

Bradford. 
Edmundson's     Electricity     Corporation,     20,     Tothill 

Street,  Westminster,  S.W. 
Messrs.  Troughton  &  Young,  6,  Park  Mansions  Arcade, 

Ivnightsbridge,  London,  S.W. 
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The  Centenary  of  Gas  Lighting  and  Its  Historical 

Development. 

By    W.   J.   Liberty, 
Inspector  of  Public  Lighting  for  the  City  of  London. 

(Lecture  delivered  at  a  meeting  of  the  Illuminating  Engineering  Society   held  at  the  House  of    the  Royal 
Society  of  Arts,  John  Street,  Adelphi,  London,  on  Tuesday,  March  11th,  at  8  p.m.) 


Portrait  of  the  lecturer,  Mr.  W.  J.  Liberty. 


Abstract. 

In  this  lecture  Mr.  W.  J.  Liberty  sketches 
in  an  attractive  manner  the  development 
of  gas  lighting  from  the  commencement 
of  the  last  century  up  to  the  ]>resent  year.  He 
describes  the  very  lirst  attempts  to  manufacture 
illuminating  gas.  The  scientists  of  that  day 
were  very  sceptical,  and  there  was  much  opposi- 
tion. It  was  only  after  three  \ears'  j)ersever;ince 
that  a  charter  was  obtained  from  King 
George  III.  On  June  L>4tii,  1S12,  the  first 
meeting  of  the  Ir.corporuted  (ias  liiglit  and 
Coke  Company  was  held,  and  by  ISU;  no  less 
than  (-ixtef'n  miles  of  main  were  laid  in  Ijondon. 
Among  the  early  dil'liciilties  may  be  mentioiicd 
leakage  and  iniiMM-fect  puriiication.  I'lvcn  after 
gas  had  established  its  position  for  public 
lighting  it  was  long  before  it  could  be  con- 
veniently u-ed  for  indoor  illumination.  The 
room  of  the  Royal  Society  of  Arts  (in  which  this 


lecture  took    place)   was  not  so    lighted   until 
18-19. 

A  special  tribute  was  paid  by  Mr.  Liberty  to 
the  early  work  of  Murdoch  and  Clegg,  the 
latter  of  whom  devi.sed  the  first  gas  meter. 

Gas  lighting  next  entered  upon  a  stage  of 
ruinous  competition  between  the  different 
companies.  Finally,  in  the  period  1S68-83, 
amalgamation  began.  Companies  at  this  time 
liaid  substantial  dividends  and  the  price  of  gas 
was  also  hiyh — in  some  cases  as  much  as  6s. 
per  1,()UU  cubic  feet.  This  favoured  position  of 
the  gas  industry  eventuall}'  gave  rise  to  a  state 
of  inertia  and  stagnation,  and  it  was  only  in  the 
early  eighties,  when  the  formidable  competition 
of  electric  lighting  made  itself  felt,  that  progress 
was  made.  The  discovery  of  the  incandescent 
mantle  by  Welsljach  brought  about  an  entirely 
changed  state  of  things.  A  great  stimulus  to 
the  use  of  gas  among  the  poorer  classes  was  the 
introduction  of  the  penny-in-the-slot  meter. 

For  a  long  time  lighting  wae  carried  out  by 
oil  lamps,  and  it  was  the  duty  of  each  house- 
hobler  to  bang  such  a  lamp  outside  his  doorwav 
and  keej)  it  ligbtetl  for  stated  peril  ds.  In  \~'M^ 
the  Lord  Mayor  and  Commonalty  applied  for 
j'owers  to  attend  to  the  lighting  of  Lond(U), 
which  thus  passed  from  being  a  private  duty  to 
a  public  one. 

Mr.  Liberty  then  passes  on  to  the  early  forms 
of  gas  burners,  ranging  from  the  earliest  iron 
rat-tail  burners  and  the  "steatite"  burner  of 
IStkS  np  to  the  latest  types  of  to-day.  Much 
interesting  information  is  given  as  to  the  date 
at  which  changes  were  nuide  in  the  lighting  of 
various  districts  in  London.  There  are  still  to 
be  seen  in  parts  of  London  the  old  iron  funnels 
or  exiinguif-hers  be.-ide  the  hall  <!oor  into  which 
torches  were  ])lunged  and  e.xtinginshed  by 
parties  returning  home. 

The  lecturer  also  traces  the  rise  of  liigh- 
pressnre  gas  within  tlie  la.st  decade.  The  Tower 
Bridge  was  among  the  verv  first  lighted  l>y  this 
means.  Reference  is  made  to  the  combiiieil 
lighting  by  gas  ami  electricity  in  Holl)  .rn  and 
ill  the  t'ity  of  London,  by  which  vastly  improved 
illumination  had  bctii  obtained  at  a  reduced 
cost.  It  is  now  beconiiiig  usual  to  specify  tiie 
])rovisioii  in  the  streets  of  a  certain  illumination. 
The  whole  (piestion  of  street  lighting  is  now 
receiving  much  more  study,  and  .suggestions  are 
being  made  as  to  the  best  iu'^ans  of  distril)utiiig 
the  light  and  avoiding  glare;  all  these  are 
matters  which  are  receiviug  the  atientiou 
of  the  Illuminating  Engineering  Society. 
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PART  I. 

A  Short  History  of  Gas   Lighting. 

Whex  approached  by  the  Illuminating 
Engineering  Society  to  give  a  Cen- 
tenary Lecture  on  this  subject,  I 
rephed,  perhaps  unwisely,  in  the 
afhrniative  ;  had  I,  however,  at  that 
time  an  idea  of  the  magnitude  to  wliich 
the  subject  would  grow  I  might  have 
paused  ere  so  replying.  Having  looked 
over  Avhat  I  have  previously  written 
or  said  on  the  subject  from  an  "  his- 
torical "  j)oint  of  view,  I  found  it 
necessaiy  to  break  fresh  ground,  and 
trace  in  addition  the  evolution  of  gas 
in  its  relation  to  illumination. 


as  an  illuminant  rather  than  its  dis- 
co verj^  In  a  hundred  years'  survey  of 
the  gas  industry  there  are  many  topics 
equally  important  as  those  mentioned, 
that  could  be  dwelt  upon  at  great 
length,  such  as  Constructional  Work, 
the  Various  Forms  of  Retorts  and  their 
Settings,  Purification,  Bye  Products, 
the  Great  Aniline  Dye  Industry,  Tar, 
Pitch,  Naphtha,  Benzole  (or  Motor 
Spirit),  Creosote  (ex^Dorted  to  the  Par 
West  for  timber  preservation),  the 
Various  Oils,  Ammonia,  Sulphates  of 
Ammonia  (for  the  land),  the  Chemical 
Side  (so  ahly  dealt  with  recently  by 
Mr.  Butterfield),'  the  Domestic  and  In- 
dustrial Use  of  Gas,  Mam  Lajing,  and 
Distribution.      Anv  one  of   these   sub- 


Ytc.  1  — GI:oup  of  scieutific  celebrities  IS  JO,  aiiioiii;>t  wlium  are  .Mur.Ioch,  Watt.--,  and 
Bonlioii. 
(Fivm  a  j/hoto.ivaph  of  a  picture  in  the  Xa'ional  Galhry,  by  lind  ptrmi^aion  of  Mr.  Charles  Hunt.) 


This  y.ar  the  "Chartered/'  or  Gas 
Light  and  Coke  Co.,  are  keeping  their 
cen;3:nary,  the  Institution  of  Gas  Engi- 
n;oi's  tlieir  jubilee,  the  British  Com- 
m^reir  1  Gas  Association  and  the  Society 
O:  B-itish  Gas  Industries  have  recently 
coni:.^  into  being  ;  surely  this  is  a  fitting 
tiniD  to  lalie  a,  backward  glance,  and 
briefly  scan  the  years  that  have  passed 
since  tl.D  introduction  of  gas  supph' ; 
to  record  some  of  the  struggles  of 
those  early  cays ;  to  trace  the  success 
the  industry  G!:l:ervvarv:!s  achieved  ;  and 
to  dwell  on  some  of  the  benefits  it  has 
•"onf.rred  upon  the  community. 

Witli  tills  oljjcct  in  view,  therefore, 
I  propose  to  dwell  on  the  enterprise 
of    the  i-i.lustry  a,nd    the    use    of   gas 


jects  A\'ould  easily  occupy  a  whole 
evening. 

Early  Stages  in  Gas  Supply. 

This  j^ear— 1913 — is  not  the  centenary 
of  the  introduction  of  gas  lighting, 
but  is  more  definitely  connected  with 
the  hundredth  anniversary  of  the  Gas 
Light  and  Coke  Companj^  1812  being 
the  date  that  the  Company  received 
their  Royal  Charter,  hence  the  "  Char- 
tered Company."  It  would  be  neces- 
sary to  go  back  to  1807,  when  gas  was 
first  introduced  as  an  illuminant  in  the 


1  '  Clienii.stiy  in  Gas  Woikp,'  two  Lectures  by 
W.  J.  A.  Buttcifielil  delivered  at  the  London 
Un i  vert ity  Coll  ge.  Decembi-r,  1912.  and  Jauiiarv. 
rjl3. 
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public  streets,  or  a  little  earlier,  when, 
at  the  beginning  of  the  nineteentli 
century,  we  find  Murdoch  contemporarv 
with  Watts  and  Bolton. 

Shirley,  The  Rev.  Dean  Clayton  of 
Kildare,  and  Murdoch  loom  largest  in 
the  epoch  belonging  to  the  discovery 
stage,  and  they  go  back  beyond  the 
centenary.  The  initiatory  period  claims 
Murdoch,  Winsor,  and  Samuel  Clegg. 

The  progress  of  lighting  in  London 
and  the  provinces  is  linked  with  many 
names — Clegg,  Malan,  Peckston,  Lowe, 
Alexander  Wright,  Thomas  Livesey, 
Sir  John  Thwaites,  Alex  Angus  Croll, 
F.  J.  Evans,  Thomas  Newbigging  of 
Manchester,  Charles  Hunt  of  Birming- 
ham, Alfred  King,  Dr.  Letheby,  Hartley, 
Sir  George  Livesey,  Wm.  Sugg,  George 
Bray  of  Leeds,  Sir  Corbet  Woodall,  Dr. 
Carpenter,  IVIr.  H.  E.  Jones,  Prof. 
Vivian  B.  Lewes,  and  others. 

No  names  are  better  known  to  the 
student  of  gas  history  in  connexion  with 
the  Parliamentary  era  and  the  early 
movement  for  the  transfer  of  gas  under- 
takings to  Local  Authorities,  than 
those  of  "  Hawksley,  Barlow,  Hughes, 
Stevenson,  Spice,  Penny,  and  Michael.'"- 

The  publication  of  "  King's  Treatise  " 
(named  after  its  publisher,  the  late 
Mr.  W.  B.  King,  of  the  Journal  of 
Gas  Lighting),  on  the  engineering, 
chemical,  and  other  departments  of  the 
industry,  marked  an  era  in  the  lite- 
rature of  the  subject,  and  may  still  be 
ranked  as  a  standard  treatise. 

Among  those  connected  with  the 
important  work  of  "districting"  may 
be  mentioned  Mr.  Thomas  Livesey, 
Mr.  Pridden,  and  Mr.  Hinde,  who 
were  the  Secretaries  of  the  '■  Phoe- 
nix," the  "  South  Metropohtan,"  and 
the  '•'  London  "  Companies  resiDcctively  ; 
also  Mr.  Croll,  of  the  Great  Central 
Company. 

Early  Experiments  in  London. 

July,  11)07,  well  deserves  to  be  termed 
an  epoch-marking  period  in  the  history 
of  gas  lighting,  completing  as  it  does 
the  centenary  of  the  introduction  of 
gas  lighting  as  a  practical  means  of 
illuminating  tlie  streets  in  the  centre 
of  London.  True,  a  little  earlier, 
in    the    year    1803,    Frederick    Albert 

2  'A  Hundred  Years  of  Gas  Euterpris^e,' 
Thomas  Newbigging,  liiOl. 


Winsor,  a  German  by  birth,  lighted 
the  Lyceum  Theatre  with  gas  ;  and 
on  January  28th,  1807,  a  display  on  a 
large  scale  (judging  by  the  prints  pub- 
hshed  at  that  time)  had  been  provided 
by  Winsor  in  Pall  Mall,  for  the  benefit 
of  the  West -End.  While  the  crowd 
still  lingered  and  gazed  at  "  the  long 
line,  between  St.  James's  Palace  and 
Cockspur  Street,  that  did  blaze  out 
in  a  burst  of  gas -lamps  to  the  no  small 
wonder  of  the  public."  Sir  Walter 
Scott,  in  writing  of  Winsor,  was  saying, 
"  There  is  a  madman  proposing  to 
light  London  with — ^What  do  you 
think  ?— Why  with  smoke  !  "  Yet 
while  even  Sir  Humphry  Davy  and 
both  the  popular  and  scientific  Press 
were  expressing  hesitation  at  the  pro- 
posal, the  City  Lighting  Authority  not 
only  considered,  but  had  installed 
a  practical  demonstration  of  street 
lighting  in  their  area.  In  a  circular 
dated  July  10th,  1807,  the  Clerk  to 
the  Lighting  Commissioners  states  that : 
''  Having  had  an  offer  to  try  the  experi- 
ment of  lighting  the  public  lamps  with 
gas,  the  same  will  be  put  into  execution 
in  Golden  Lane  and  Beech  Street,  in 
the  Ward  of  Cripplegate  Without, 
Monday  night  next,  and  continued 
every  night  until  the  following  Monday 
(July  15  to  22)."  The  experiment  was 
so  satisfactory  that  it  at  once  became 
the  permanent  illumination. 

In  1808  Murdoch  presented  to  the 
Royal  Society  his  account  of  the 
application  of  gas  light,  for  which  he 
received  Count  Rumford's  Medal.  In 
the  year  1810  the  indefatigable  Winsor. 
after  much  opposition  and  many  de- 
feats (being  strongly  opposed  b}^  Mur- 
doch in  his  endeavour  to  start  the 
National  Light  and  Heat  Company), 
succeeded  in  obtaining  an  Act  of 
Incor]:»oration,  entitled  the  "  Gas  Light 
and  Coke  Companv,"  M'ith  a  capital  of 
£200,000. 

In  an  old  volume  jnibhshed  in  1828 
by  J.  Williams,  a  citizen  •"  of  Cornhill 
by  the  Exchange,"  an  ardent  agitator 
on  gas  and  water  matters,  it  is  stated 
that  tlie  meeting  to  further  the  Com- 
pany and  raise  the  capital  Mas  held 
in  tile  City  at  the  **  London  Tavern," 
which  was  situated  in  Bishopsgate,  a 
tavern    noted    for    the    assembling    of 
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citizens  for  debating  the  problems  of 
the  da3^  I  will  let  the  narrator  speak 
for  liimseH  : — 

'■  At  length  Mr.  Winsor  (a  Prussian) 
appeared  in  London  about  the  year 
1800,  and  gave  lectures  at  the  Lyceum 
Theatre  on  the  theor}^  of  lighting  with 
coal  gas,  on  the  principle  of  M.  Le  Bon, 
at  Paris.  For  a  year  or  two  it  was  a 
popular  amusement  to  go  to  the 
Lyceum  to  see  the  gas  ;  and  after  a 
few  3'ears,  a  public  meeting  was  called 
at  the  London  Tavern  [City]  to  raise 
subscriptions  to  bring  tliis  theory  of 
gas  into  pubhc  use.  £20,000  was  then 
placed  at  the  disposal  of  twenty-four 
gentlemen,  as  a  Committee  of  Trustees, 
to  ascertain  the  possibihty  of  lighting 
tlie  streets  with  it  ;  and,  if  practicable, 
to  apply  for  an  Act  to  enable  the  pro- 
prietors to  light  the  streets  of  London. 
Unforeseen  difficulties  came  forward  to 
oppose  this  project.  No  one  appeared 
bold  enough  to  show  liimself  a  friend  to 
it.  It  was  the  insidious  sneer  of  the 
wise,  and  the  bold  ridicule  of  the 
ignorant ;  3'et  after  three  years'  per- 
severance, an  Act  of  Parhament,  and 
also  a  Charter  from  King  George  III. 
were  obtained  for  this  national  un- 
dertaking." 

FOEMATION     OF     THE     GaS     LiGHT    AND 

Coke  Co. 

On  June  24th,  1812,  the  Incorporated 
Gas  Light  and  Coke  Comi^any  held 
the  first  meeting  at  27,  Norfolk  Street, 
Grant  being  Governor  of  the  Court, 
whilst  Accum  appears  among  the  first 
Directors,  described  as  a  "  Practical 
Chymist."' 

Meanwhile  Winsor  continued  to  lec- 
ture in  his  broken  English,  issuing  most 
extravagant  literature  and  making  most 
extraordinar}'  promises  with  regard  to 
the  ncAv  iUuminant.  Being  neither 
chemist  nor  mechanic,  he  gave  his 
free  imagination  full  play,  and  nearty 
spoiled  gas  lighting  with  kindness  ; 
but  the  discovery  was  too  genuine 
to  be  easily  killed.  Here  is  a  sample 
of  his  hterature  :  "As  to  illu- 
minations, they  may  be  carried  on  to 
the  utmost  extent  of  beauty  and  varie- 
gated fancy  by  this  docile  flame,  which 
will  play  in  all  forms,  submit  to  instant 
changes,  ascend  in  showers  from  the 


trees  and  walls,  arise  from  the  water, 
and  even  in  the  same  pipe  with  a  play- 
ing fountain.  The  constant  varjdng 
of  flames  in  rooms  and  gardens, 
between  pyramids,  festoons,  garlands, 
roses,  palms,  palm  t^^dgs,  suns,  stars, 
moons,  torches  and  flambeaux,  cherish 
the  soul  and  create  good  humour  by 
imiting  convenience,  utihty,  and  plea- 
sure." His  imagination  ran  further 
riot  when  dealing  with  the  financial 
aspect  of  the  question,  as  he  dwelt  on 
the  millions  that  the  new  Act  would 
save  and  the  enormous  profits  that 
Me  re  to  fill  the  pockets  of  its  promoters. 

'■  What  a  dreamer  of  dreams  was 
this  man !  and  with  what  reckless 
daring,"  says  Newbigging,^  "  did  he 
relate  his  theme  to  the  often  ims^an- 
pathetic  audience  of  his  day  !  He 
even  asserted  that,  besides  its  illu- 
minating properties,  the  explosive  force 
of  gas,  when  mixed  with  air,  might  be 
utilized  for  obtaining  prime  motion, 
and  that  the  heat  of  the  flame  might 
be  employed  to  advantage  in  cooking 
food  and  warming  apartments.  Who 
could  credit  such  nonsense.  What  a 
visionarj'  he  was  !  Perhaps,  after  all 
he  was  only  farseeing."*  Beneath 
it  all  there  was  his  remarkable  "  cour- 
age and  persistency,  liis  foresight  as 
to  the  uses  of  gas,"  liis  strenuous 
efforts  to  enthuse  the  minds  of  others, 
haniftered  bj^  his  inabihty  to  clearly 
express  himself  in  our  language. 

In  1813  the  directors  of  the 
Chartered  Company  voted  Winsor  an 
annuity  of  £600  per  annum,  he  already 
receiving  one  per  cent  on  the  net 
profits  of  the  undertaking.  (For  cer- 
tain reasons  the  annuity  was  suspended 
in  1815.)  He  became  a  director  of 
the  Company,  and  frequently  took  the 
chair.  Later  he  withdrew  to  Paris, 
where  he  unsuccessfully  endeavoured 
to  start  a  gas-hghting  campaign  :  a 
company  was  formed,  but  ended  in 
bankruptcy.  After  enjoying  an  an- 
nuity from  his  old  Companj^  in  London 
since  1820,  he  died  in  Paris  in  1830,  at 
the  age  of  67. 

3  'A  Hundred  Years  of  Gas  Enterprise,'  New- 
bigging,  I'JOl,  folio  19. 

i   Ncwbigging,  loc  cit.,  19U1,  pp.  19-20. 
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N.  B.   On  Mondays;.     Wednggdays,  Thumfays,  and  Fridays,    at  6  o'clock. 

Mr.  Wimory  the  Patentee^  most  respectfuUxf  invites  alt  Members 

of  Parliament  to  a  constant  fre^  Admission^  to  enable  them  to 

speak    to  facts,    whenever  this   important  National 

concern,    is  brought  before  them  as  Legislators 


NATIONAL 


Light  and  Heat  Company, 

No.  97,  PA IX   MALL, 

TO    BE    ESTABLISHED   WITH 

A  Million  of  Capital 

In  20,000  SHARES,  ^ 


Under   the   sanction    of  an   Act  of  Par/iamemf 


J.  HE  Share  receipts  of  this  Lucrative  Concern  are  now  delivering 
at  this  Office,  at  the  Banks  of  Messrs.  Devaynes  and  Co.  39,Pa// 
Mall,  and  Sir  Matthew  Bi.oxANf  and  Co.  27,  Gracechurch  Street, 
where  Plans  and  estimate  Tables  may  be  had  gratis,  as  also  at  [.loyd's 
and  Batson's  Coffee-houses.  Two  Houses  are  nearly  finished  for  stan- 
dards of  a  general  introduction  of  those  cheap  and  beautiful  Patent 
Lights.  Offif'i.il  Experiments  proved  one  chaldron  of  Coal  to  con- 
tain fji^  yj.  in  value  ;  which  gives  above  242  Millions  for  the  yearly 
consumption  of  the  Realm  1"he  estimate  Savings  are  only  rated  at 
j^]  l+,S4>5,2<J4,allcostsof  c^rrbonising  &c.  deducted;  and  if  the  Company, 
only  realize  l-H)/^  of  this  reduced  Sum, each  ;^5  deposit  will  se- 
cure to  the  Subscribers;^ 070  per  annum.  Wonderful  as  this  may  ap- 
pear, the  Estimates  and.  Lx|>eriments»  will  stand  the  test  of  the 
best  calculators  and  Chemists.  The  whole  is  detailed  in  Mr.  Winsor*s 
Pamphlet  on  the  National  Light   and  Heat  Company 

Mnny  respectable  Subscribers,  leeingmy  experiments,  twvc  applied  for  an  increase 
of  Shares  on  the  following  scale  ot    Deposits,  which  I  cheerfully  submit  to  the    Pub- 
lic as  the  rans'  fluttering  testimony  of  the  encouragement  of  my  pl.in. 
Five  Shares,    to   pay  ,^3.   deposit  Ciich,   and  have  I    vote. 
Fifteen  Share?,  to  pay  ^-2    10s.  deposit  each,  and  have  3  voteti 
T  hirty  Sharts,  to  pay  £^.  deposit  each;  and  have  3  votes 
Sixiy  Stares,  to  pay,  £\.  deposit  earh.  and  have  4  votes. 
One  hundred  Shares  and  upwards,  10s   earh,  and  have  5  votes. 
Beyond  whicl\ no  Vote  allowable. — With  written  engagement    for  the    remainder  of 

the  ^5-  deposit,  as  soon  as  the  C'ompany{is  foiined,  J 

*»*  This  Plan  is  now  rendered  to  grneraily  Btntficinl,  that  every  Person  commanding 
.£5.  deposit  only,  may  secure  a  handsome  yearly  Income  for  Lite,  and  Provision  for 
his  desctndants,  which  is  the  more  certain,  as  the  example  of  the  tiew  River  Sharfs^- 
having  risen  from  XlOO  to  ,£13000. |and  upwards,  is  now  before  our  eyes;  though 
♦♦^y  product  only  a  local  -tonvenience — whereas  Chis  COMPANY  gains  seven 
VAluable  products,  three  umes  in  2\  hours. 

Fig.  1a.— Handbill  issued  by  Winsor,  1807. 
{From  the  original  kindly  lent  by  Mr.  Charles  Hunt.) 
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His  enterprise  was  looked  upon  as 
visionary,  though  the  Royal  Charter 
was  granted.  Yet  the  privileges  of  the 
Charter  were  neither  liberal  nor 
encouraging  the  powers  granted  being 
extremely  moderate  and  the  restrictions 
man}'.  The  Gas  Light  and  Coke 
Company  thus  estabhshed  commenced 
operations  on  a  site  now  occuj)ied  by 
the  Civ-il  Ser\ace  Institution,  in  Cannon 
Row,  Westminster. 


Fig.  2. — Murdoch's  house  at  Kedrirh  a?  s?en 
to-day. 

(From  Mr.  Chas.  Hunt's  '  History  of  Intro-luction 
of  Gas  Lighting.' ) 

"  Murdoch  was  a  different  type  of 
man  from  Winsor,  shrewd,  practical, 
persevering,  Avorking  away  and  savang 
nothing,  or  but  little  (a  t^-pical  Scots- 
man), he  laid  the  foundations  of  an  Art 
— dealing  with  the  appliances  and  ap- 
paratus for  evolving  the  product  both 
economically  and  efficiently."' 

Murdoch,  seconded  by  Winsor 
(though  opposed  to  him  at  times),  and 
backed  by  Clegg,  turned  failure  into 
success.  As  Mr.  Ferranti  recently 
pointed  out  in  liis  James  Watts  Cen- 


5  Newbigging,  '  One  Hundred  Years  of   Gas 
Enterprise,'  1901,  p.  21. 


tenary  Lecture, "^  it  has  been  the  same 
more  or  less  with  all  early  inventions, 
owing  to  the  temporary  makeshifts 
and  the  indifference  that  surrounds 
the  British  inventor.  '"  James  Watt's 
efforts  were  looked  upon  with  an 
apathy  and  lack  of  faith  that  caused 
him  the  deepest  despondency.  Had  it 
not  been  for  good  Matthew  Boulton 
and  his  stout  heart  Watt's  work  could 
never  have  been  accomphshed.  Even 
as  it  M'as,  the  two  men  Lived  on  the 
edge  of  a  chff ;  they  peered  doAvn  at 
bankruptcy  all  day  long."^ 

^Murdoch  had  achieved  fame  by 
illuminating  the  Soho  Works,  Birming- 
ham, of  Messrs.  Boulton  &  Watts, 
upon  the  Celebration  of  the  Peace  of 
Amiens.  Clegg  came  from  tliis  Bir- 
mingham works.  Mr.  Charles  Hunt,  of 
Birmingham,  in  his  work,*  quotes  from 
The  Mechanic's  Magazine  (1834),  vol. 
xxii.  pp.  470-2,  that  "  Clegg  first  had 
his  attention  directed  to  the  practic- 
ability of  distilling  gas  from  coal  when 
assisting  to  illuminate  the  Soho  manu- 
factory." 

IVIr.  Xewbigging,  speaking  of  him, 
saj's  his  "  was  the  ablest  mind  that 
apphed  itself  to  the  subject.  Trained 
as  an  engineer  and  with  some  know- 
ledge of  Chemistry — ^resourceful  and 
energetic — ^these  acquirements  and  in- 
herent quahties  enabled  him  to  grapple 
with  the  early  difficulties." 

Other  pioneers  soon  came  into  the 
field — ^Northern,  of  Leeds,  Pemberton, 
of  Birmingham,  Dr.  Henry,  of  Man- 
chester, and  Accum,  chemist,  historian, 
and  author  of  an  important  work  on 
Gas  Manufacture.^ 

As  an  evidence  of  the  small  begin- 
nings from  which  the  "  Chartered  " 
Company  sprang,  it  may  be  men- 
tioned that  the  area  of  the  Company's 
territory  in  1812  was  but  10  acres  ; 
while  to-day  the  area  is  one  of  over 
120  square  miles  in  extent.  The  Com- 
pany's capital  of  £200,000  has  risen  to 

6  See   Mr.   S.   Z.  de  Ferranti's  James  Walts 
Lecture,  1913. 

7  Electrical  Times,  vol.  xliii.,  1913,  No.  I.lln, 
p.  82. 

8  '  The  History  of  the  Introduction  of  Gas 
Lighting,'  1907,  p.  Ho  (Charles  Hunt). 

9  'A  Practical  Treatise  on  Gas  Light,' 
Frederick  Accum,  1815,  four  editions. 
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about  £30,000,000 ;  and  while  they 
started  with  a  coal  carbonization  at  the 
rate  of  4,000  tons  per  annum,  they  have 
now  an  equivalent  of  2^  million  tons  of 
coal  carbonized  annually.  The  rates 
paid  by  the  company  at  the  start 
was  £150  105.  4:d.  During  the  present 
year  of  grace  it  is  a  trifle  over  £300,000  ; 
while  Id.  reduction  in  the  price  of  gas 
(small  as  it  may  appear),  on  the 
25,484,985,000  cubic  feet  annually  sold, 
would  represent  a  sum  of  about 
£100.000. 

Early   Difficulties  and  Obstacles. 

During  the  first  decade  of  the 
Company's  existence  progress  was 
very  difficult,  OAving  to  the  want 
of  a  competent  engineering  head. 
Brewers'  vats  were  purchased  for  gas 
holders. ^°  The  absence  of  any  dividend 
until  1817,  the  want  of  a  means 
of  measuring  the  amount  of  gas  sold 
to  the  consumers,  and  the  abuse  l)y 
the  consumers  of  the  then  system 
of  charge — "  gas  rental  "  per  burner — 
and  the  consequent  ill-feeling  generated 
between  buyer  and  seller  as  to  the 
amount  used,  caused  these  years  to  be 
very  lean  indeed.  In  1816  there  were, 
hoAvever,  10  miles  of  main  in  London. 

About  this  time  the  avenues  to  the 
House  of  Lords  and  House  of  Commons, 
the  residence  and  offices  of  the  Speaker, 
the  Mansion  House,  and  many  impor- 
tant places,  adopted  gas.  To  illustrate 
the  rapidity  of  main-laying,  the  gas 
historian  of  that  time  states  that  the 
Liberty  of  Norton  Folgate,  as  far  as 
Bishopsgate,  was  lighted  witli  gas 
from  the  Chartered  Company's  station 
at  Norton  Folgate  ;  and  pipes  were 
laid  from  that  station  as  far  west  as 
Cheapside,  and  all  streets  north  oi 
that  thoroughfare.  In  the  West-End, 
the  mains  for  supplying  the  streets  and 
houses  by  the  Gas  Light  and  Coke 
Company  extended  northwards  through 
the  most  eligible  ])arts  from  their 
establishment  in  Peter  Street,  West- 
minster, along  the  line  from  Pall  Mall 
to  Temple  Bar,  completely  surrounding 
tile  area  of  St.  Marthi's-in-the-Fields. 
"  Main  pipes  "  -were  also  laid  in  the 
Haymarket,    Coventry    Street,    Long 

10  See     The  Gas    Light    k  Coke    Company, 
1812-1912,'  London,  VJ12,  p.  31. 


Acre,  St.  Martin's  Lane,  and  the 
parishes  of  St.  James  and  St.  Ann." 
In  the  East-End  of  the  Metropolis, 
mains  extended  from  Comhill  to  St. 
Paul's,  Wood  Street,  Fore  Street,  &c. 
Consent  had  also  been  given  to  the 
Incorporated  Gas  Light  Company  for 
laying  pipes  in  the  parishes  of  St.  Paul, 
Covent  Garden,  St.  Mary-le- Strand, 
St.  Clement  Danes,  St.  George,  Blooms- 
bury,  St.  Giles-in-the-Fields,  St.  An- 
drew, Holborn  above  the  Bars,  part 
of  St.  Mary-le-Bourne,  and  the  whole 
of  the  Citv  and  suburbs  of  Westminster. 
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Still  further  East  the  same  Company 
were  engaged  laying  their  pipes  in  the 
principal  parts  of  Whitechapel,  Spital- 
fields,  and  St.  Luke's.  One  part  of  the 
City  of  London,  from  Temple  Bar  to 
the  west  end  of  Cheapside,  from  New- 
gate Street  to  Holborn  Bars,  togetlier 
with  the  neighbouring  streets,  was 
also  provided  with  pipes  laid  doM-n 
by  another  Gas  Light  Association, 
who  had  opened  a  new  estabUshment 
in  Water  Lane  by  Fleet  Street,   but 

1 1  Newbigging, '  History,'  p.  24. 
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were  unconnected  with  the  Chartered 
Company.  A  tliird  Company  was  pro- 
jected in  Southwark,  and  a  fourth  in 
the  East  of  London,  "  creating  a 
rivalry  of  interest — ^that  laudable  com- 
petition which  always  proves  beneficial 
to  the  pubUc  at  large,  and  which 
cannot  fail  to  accelerate  the  progress 
of  the  new  art  of  procuring  light." 
If  Accum,  the  writer  of  these  remarks, 
could  have  foreseen  the  chaos  and 
ruin,  as  well  as  the  set-back  to  the 
gas  industry,  that  followed  tliis  waste- 
ful competition,  he  would  have  con- 
sidered before  using  this  sentence. 
Clegg,  under  whose  direction  the  new 
system  of  lighting  was  being  princi- 
pally carried  out,  speaking  in  1816  of 
the  progress  made  with  the  work, 
said  that  the  main  pipes  of  his  Com- 
pany alone  amounted  to  nearly  15 
miles  ;  wliile  it  is  interesting  to  learn 
that  one  church  in  the  Metropolis  had 
been  illuminated  with  gas  light  for 
upwards  of  two  j^ears,  "  the  hglits  em- 
ployed in  this  edifice  being  equal  to 
360  tallow  candles,  eight  to  the  pound." 

"  Enough,  therefore,"  says  the  early 
writer,  "has  been  done  to  prove  the 
possibihty  of  lighting  house  and  street 
with  gas,  which  would  have  been 
regarded  twenty  years  ago  as  an  extra- 
vagant paradox.  From  the  distin- 
guishing forms  wliich  the  flame  is 
capable  of  assuming,  no  light  is  better 
calculated  for  signal  lights.  If  every 
lighthouse  around  this  island  were 
possessed  of  a  gas-Ught  furnace,  one- 
half  of  the  enormous  expense  of  the 
present  hghting  would  furnish  a  much 
more  brilliant  light.  Another  applica- 
tion of  gas  would  be  the  lighting  of 
barracks,  arsenals,  &c.  ;  the  annual 
expense  of  lighting  the  barracks  of 
Great  Britain  being  about  £50,000, 
a  small  part  of  Avhich,  on  the  new  plan, 
would  supply  a  much  purer  and  safe 
hght." 

An  endeavour  was  next  made  to 
move  the  pubUc  mind,  by  dismal 
forebodings  of  the  Greenland  trade 
and  the  loss  of  the  nursery  of  British 
seamen.  But  even  on  the  extreme 
supposition  that  the  gas  industry 
was  going  to  put  an  end  to  the 
Greenland  fisheries  altogether,  "  Was 
there,"    says  Accum,  "  much  to  regret 


in  it  ?  Why  fit  out  vessels  to  navigate 
the  Polar  Seas  for  oil,  if  we  can  extract 
a  superior  article  for  procuring  hght 
at  a  cheaper  rate  from  the  produce  of 
our  own  soil  ?  The  fisheries  will  find 
ample  encouragement ;  and  the  conse- 
quence of  the  hghting  of  our  streets 
with  gas  can  prove  injurious  only  to 
our  Continental  friends,  one  of  whose 
staple  commodities — ^tallow — ^we  shall 
then  have  less  occasion  to  purchase." 
Yet,  so  strong  was  the  opposition,  that 
Lewis  Thompson,  in  a  paper  on  '  Coal 
Gas,  and  Its  Application  Considered 
for  the  Purpose  of  Generating  Light 
and  Heat,'  written  in  the  late  fifties, 
said  :  "It  has  long  been  remarked  as 
a  matter  of  surprise  by  intelligent 
foreigners  that  in  a  country  like  Great 
Britain,  where  the  Arts  have  attained 
an  unprecedented  development,  there 
should  be  one  incessant  struggle,  one 
prolonged  fight,  betwixt  ignorant  pre- 
judice on  the  one  hand  and  practical 
knowledge  on  the  other — in  fact,  be- 
twixt darkness  and  light."  Thus  the 
early  opposition  to  gas  Hghting  was 
nothing  more  than  the  common  clamour 
always  set  up  against  every  new  means 
of  Hghtening  labour. 

Illumination  by  gas  was  now  making 
headway  ;  but  it  was  not  to  be  ex- 
pected that  its  extension  to  the  dwelhng- 
houses  of  every  town  and  village 
should  take  place  at  once.  Prejudice 
had  to  be  eradicated,  and  estab- 
lished habits  altered  —  which  was  a 
work  that  nothing  but  time  could 
effect.  Other  circumstances  besides 
prejudice  were  unfavourable  to  the 
new  invention  —  ignorance,  vested 
interests,  jealousy,  malice,  such  as 
so  often  obstruct  the  progress  of 
improvement  and  prevent  plans  coming 
to  fruition  for  the  pubhc  good. 

Nevertheless,  gas  lighting  was 
destined  not  only  to  alter  domestic 
habits,  but  to  give  a  new  direction  to 
part  of  the  skill  and  capital  of  the 
country,  as  well  as  to  increase  the 
output  of  work,  alter  the  industrial 
development  and  wage-earning  capacity 
of  the  people.  The  effect  of  increased 
wages  and  comforts  brought  about  by 
the  lengthening  of  the  day  had  its 
effect  on  the  reading  capacity  of  the 
community,    for    men    had  no   longer 
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to  pore  over  their  books  by  the  aid 
of  a  "spluttering  rushUght "  or  a 
"tallow  dip."  With  better  reading 
faciUties  came  the  desire  for  a  more 
liberal  education.  New  industries  came 
into  being,  and  a  stimulus  was  given 
to  scientific  research. 

It  was  some  time  before  the  idea 
of  using  gas  for  indoor  hghting  gained 
ground.  As  late  as  1815  it  was  held 
to  be  conclusive  that  the  lighting 
of  a  parish  by  street  lamps  only,  with- 
out lighting  shops  and  houses,  could 
not  be  accomplished  with  economy. 

Indeed,  it  was  not  until  1849  that 
this  House  of  the  Royal  Society  of 
Arts  was  hghted  by  gas,  and  in  1854 
the  old  oil-lamps  were  removed. 

The  First  Gas  Meter. 

A  great  difficulty  was  the  absence 
of  any  method  of  measuring  gas. 
Clegg,  however,  now  came  forward  with 
a  remarkable  invention  to  meet  the 
case.  He  had  previously,  with  a  view 
to  allaying  any  alarm  on  the  part  of 
the  public,  invented  a  self -extinguishing 
gas-tap,  so  constructed  that  the  gas 
could  not  floAV  to  the  burner  when  the 
flame  became  extinguished  ;  for  if  the 
flame  was  blown  out,  and  the  cock  left 
open,  the  valve  automatically  shut. 
This  action  depended  upon  the  expansi- 
bility of  a  metallic  rod  heated  by  the 
flame  of  the  lamp,  and  its  contraction 
when  the  flame  was  out.  His  later 
invention  was,  however,  more  wonder- 
ful, and  is  with  us  to-day  ;  it  was  called 
"  Clegg's  self-acting  gauge  " — a  ma- 
chine which  "  measured  and  registered, 
in  tlie  absence  of  the  observer,  the 
quantity  of  gas  delivered  by  any  pipe 
connected  with  the  gas-main."  The 
machine  occupied  a  space  of  about  2  ft. 
by  1  ft.  ;  and  "  if  put  up  in  a  room, 
house,  or  other  place  where  gas  was 
burnt,  it  would,  at  any  time,  by  mere 
inspection,  give  an  account  of  the 
quantity  of  gas  consumed."  This  is 
a  description  of  the  first  gas-meter  ; 
for  at  that  time  consumers  paid  for 
tlieir  gas  by  rent,  at  so  much  per  liglit 
— by  which  we  have  the  terms  "  gas 
rent  "  and  "  rental  department." 
Clegg's  gas-meter  was  further  described 
as  for  ■'  cliecking  the  conduct  of  work- 
men on  the  works,  and  enabling  the 


manufacturer  of  coal  gas  to  ensure 
himseK  of  obtaining  at  all  times  the 
greatest  possible  produce  from  his 
establishment — a  measure  by  which 
he  can  deal  out  the  gas  in  whatever 
quantities  they  may  require  it."  In 
those  early  days  advantage  was  taken 
by  the  unscrupulous  to  get  more  than 
they  paid  for  from  the  gas  manu- 
facturers ;  for  we  find  it  on  record 
that  "  every  person  must  have  noticed 
how  shamefully  many  disregarded  the 
terms  on  which  they  have  contracted 
for  a  supply  of  gas — some  by  means  of 
the  excessive  flame  they  keep  up,  and 
others  by  suffering  the  Hghts  to  burn 
hours  beyond  the  time."  In  places 
where  gas  was  supplied  on  contract 
to  pay  for  burning  a  limited  time,  by 
means  of  certain  sized  burners,  "  the 
seller  was  always  in  a  degree,  and  in 
some  cases  wholly,  dependent  on  the 
care  and  honesty  of  the  purchaser." 
On  the  introduction  of  the  Clegg 
gauge  equal  justice  was  done  to  both 
the  consumer  and  the  seller  ;  and,  to 
use  the  words  of  Accum,  "  the  waste 
being  transferred  to  those  who  occa- 
sioned it,  the  price  of  gas  was  reduced 
to  an  eqiu  table  and  correct  measure  of 
value." 

The  benefits  had  a  wider  range,  for 
not  only  was  full  value  secured  to  the 
maker  for  the  whole  of  the  gas  manu- 
factured, but  it  became  a  more  market- 
able article.  In  the  system  of  charg- 
ing by  the  year,  half  year,  or  quarter, 
many  who  were  only  in  want  of  gas 
occasionally,  or  whose  demand  was 
irregular  or  uncertain — such  as  the 
proprietors  of  theatres — were  debarred 
from  availing  themselves  of  it,  except 
at  an  expense  disproportionate  to  the 
amount  consumed. 

Eighteen  hundred  and  seventeen 
saw  Clegg's  retirement  from  the  Char- 
tered Company,  when  he  started  many 
gas-Avorks  in  various  parts  of  the 
country. 

"  John  Malam,  who  was  contem- 
porary with  Clegg,  was  also  endowed 
with  large  inventive  powers,  which 
extended  to  almost  all  the  apparatus 
of  gas-works.  His  centre- valve  and 
attachment  of  four  purifiers  are  largely 
in  use  to  this  present  day.     He  greatly 
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improved  the  wet  meter  by  adding  to 
it  the  hollow  cover  and  spout."'" 

At  this  time  (1816)  it  was  laid  down 
as  a  rule  that  no  private  individual 
resident  in  London  whose  annual  ex- 
pense for  hght  did  not  exceed  £60  should 
attempt  to  light  his  premises  for  the 
sake  of  economy  wdth  coal  gas  by 
means  of  his  own  apparatus. 

In  1819,  the  extraordinary  rapid 
progress  which  coal  gas  had  made 
in  the  United  Kingdom  was,  we  are 
informed,  "  without  a  parallel  in  the 
useful  Arts." 

Stages  in  Gas  Supply. 
At  tliis  stage  it  may  be  well  to  sum- 
marize the  chief  stages  through  which 
gas-lighting  has  passedin  the  metropolis. 
The  various  periods  might  be  divided 
historically  as  follows  : — 
1810.  "  Gas  rental  "  charged,  competi- 
tion. 
1823  to  1848.  Agreed  areas,  "  Congreve 

compact  "  of  1823. 
1848  to  1860.  Competition. 
1860  to  1868.  Districting. 
1868  to  1883.  Amalgamations. 
1883    to     1907.  Statutory    monopoly. 

(No  inside  competition.) 
1894.  From  this  date  meter-rents  were 
waived  by  the  Gas  Light  and  Coke 
Co.,  who,  however,  reimposed  them 
at  Midsummer,  1907.  They 
equalled  ^d.  per  1,000  cubic  feet. 
1890  to  1912.  Electrical  competition. 

In  these  early  days  it  was  expected 
that  the  then  Chancellor  of  the  Ex- 
chequer would  be  aggressive  enough  to 
levy  a  tax  on  the  "  new  lights  "  ;  for 
it  was  remarked  that  "  in  proportion 
as  gas-lights  are  more  or  less  generally 
adopted  in  all  towns  of  the  country, 
the  consumption  of  oil  and  tallow  will 
be  diminished,  and  the  income  on  those 
articles  will  become  less  productive." 

The  definition  given  to  mains  at  this 
date  is  not  uninteresting — i.e.,  "  Cast- 
iron  pipes,  from  2  inches  in  diameter 
and  upwards,  placed  underground  for 
conve;ying  gas  into  smaller  branch- 
pipes,  but  in  a  more  extended  sense." 
The  term  is  applied  to  every  pipe  from 
which  "  smaller  ramifications  or  branch- 
pipes  proceed."  Again  :  "  All  mains 
destined  to  convey  coal  gas  should  be 
proved  by  being  submitted  to  the  trial 

12  Newbigging's  '  History,'  1901,  p.  26. 


of  sustaining  a  column  of  water  300  feet 
high." 

It  is  also  curious  to  note  the  instruc- 
tions given  to  the  workmen  in  laying 
supphes  :  "  Pewter,  tin,  lead,  or  other 
pipes  capable  of  being  melted  by  a  gas- 
flame  should  never  be  employed 
through  the  interior  of  a  house,  because 
of  the  ease  with  which  such  pipes  might 
be  perforated,  and  the  serious  conse- 
quences that  would  ensue  if  the  gas 
issuing  from  the  aperture  were  lighted." 
Copper  pipes,  being  cheaper  in  those 
days  than  iron,  were  largely  used  by 
the  several  companies  ;  the  objection 
to  corrosion  by  stopping,  which  on  the 
introduction  of  gas  was  complained  of 
in  many  places,  no  longer  existed,  it 
being  pronounced  that  pure  coal  gas 
produced  no  action  on  the  copper  tubes. 
Such  copper  tubes  laid  in  London  more 
than  ten  years  previously  were  found 
to  be  in  a  state  of  perfect  preservation. 

Here  are  Clegg's  '  Directions  to 
Workmen  '  :  '  How  to  stop  a  Leak  in  a 
Gas-Holder.' — "  Dip  a  piece  of  cloth 
about  the  size  of  a  shilling  into  some 
melted  pitch  tempered  with  bees  wax 
and  tar,  apply  the  cloth  whilst  hot 
to  the  place  of  the  leak  with  the  end 
of  your  finger,  rubbing  it  till  it  is 
quite  cold."'"  So  much  for  the  descrip- 
tion of  the  work  and  methods  of  the 
pioneer  gas  companies  and  their  ener- 
getic officers,  particularly  Clegg,  who 
stood  head  and  shoulders  above  his 
compeers  at  that  date.  George  Lowe 
followed  Clegg  on  the  Chartered  Com- 
pany, being  especially  identified  \\dth  the 
Brick  Lane  and  Curtain  Road  stations. 
A  Great  Boom. 

When  the  obstacles  and  prejudices 
were  overcome,  and  large  amounts  had 
been  spent  on  experimental  work,  a 
great  boom  took  place.  Between  the 
years  1814  and  1819  rival  compam'es 
arose,  especially  in  the  Metropolis. 
The  Phoenix  or  South  London  Com- 
pany had  their  Act  in  1816  ;  the  City 
of  London  Company  in  1817  ;  while 
the  Impoj'ial  Company  had  commenced 
by  1820.  In  1823  the  Ratclifife  Com- 
pany, and  in  1829  the  Independent 
Gas  Light  and  Coke  Company  com- 
menced operations.  The  City  Gas 
Company  and  the  Chartered  Gas  Com- 
13  Newbigging'8  '  History,'  1901,  p.  32. 
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pany  were  permitted  under  a  contract 
with  the  authorities  to  lay  cloAvn  their 
pipes,  with  a  distinct  written  agree- 
ment that,  at  the  expiration  of  a  given 
time,  the  City  should  be  entitled  at 
their  own  pleasure  to  purchase  them 
by  valuation.  The  two  Companies, 
however,  partitioned  the  City  between 
them  under  a  secret  agreement  known 
as  the  "  Congreve  Compact,"'^  and 
thus  established  a  practical  monopoly. 

In  1823,  when  London  north  of  the 
Thames  was  being  supplied  by  four 
Companies,  oil  gas  began  to  attract  a 
large  amount  of  attention  ;  and  an 
attempt  was  made  to  start  the  London 
and  Westminster  Oil-Gas  Company, 
to  the  alarm  of  the  coal-gas  industry, 
who  opposed  and  petitioned  against 
the  proposal  in  Parliament.  In  1824 
Michael  Faraday  gave  evidence  in 
favour  of  the  Bill  ;  and  eventually,  on 
a  report  of  the  Inspector  of  Gas-Works 
(Sir  William  Congreve),  investigation 
was  made  by  a  House  of  Commons 
Committee,  to  the  undoing  of  the  oil- 
gas  project.  The  opposition  of  the 
gas  companies  to  the  measure  cost 
them  some  £30,000,  though  several 
witnesses  of  the  Oil-Gas  Company, 
who  had  had  charge  of  oil-gas  w^orks, 
admitted  a  loss  on  them  Avithout  the 
employment  of  coal  gas  as  an  a,djunct. 
In  .spite  of  this,  and  in  the  face  of 
warnings  wliicli  in  a  few  years  were 
verified,  Bristol  Avas  })eing  lighted  by 
oil  gas  in  1823  under  a  Special  Act. 

English  Capital  abroad. 

In  1825  the  Imperial  Continental  and 
the  Em'opean  Gas  Companies  Avere 
commenced,  mainly  througli  the  instru- 
mentality of  Sir  William  Congreve, 
who  Avas  Home  Office  Insi^ector  of 
Gas  Works  in  the  Metropolis. 

These  Companies,  Avith  the  "  Bom- 
bay," "  Imperial  Ottoman,"  and  Colo- 
nial Companies  sent  tlie  branches  of 
the  industry  all  over  the  Avorld  Avith 
British  capital,  the  administration  being 
kept  in  this  country.  Tiie  fact  that 
parts  of  Germany,  ^France.  Holland, 
Italy,  Denmark,  and  South  American 
cities,  are  still  (and  up  to  c[uite  recently 
Vienna,    the    Austrian    capital,    was) 

14  Sir  William  Congreve'.'*  iui-r.ngement  of 
"agretd  areas.'' 


lighted  by  British  gas  companies  is  proof 
of  the  ramifications  of  the  industr3^ 
These  and  man}-  other  Britisli-OAvned 
companies  still  exist  in  all  quart :rs  of 
the  globe.  The  engneers- in -charge 
(many  of  them)  are  from  over  the 
Border — i.e.,  ■"  Wandering  Scots" — for 
instance,  Mr.  W.  S.  MacGregor,  Avho  has 
kept  the  lighting  of  Constantinople 
going  during  these  last  three  months, 
in  siDite  of  the  Avar. 

In  1825  most  large  cities,  and  from 
1845  to  1850  small  \nllages,  were 
lighted  by  gas. 

Ruinous  Rivalry. 

FolloAving  shortly  after  this  came 
one  of  the  most  rvinarkable  periods  in 
the  gas  industry,  Avhen  a  severe 
rivalry  set  in  among  the  A'arious  com- 
panies. Many  of  the  concerns  jiiid 
not  a  farthing  in  dividends,  Avhile 
others  Ave  re  almost  ruined.  But  this 
did  not  prcA^ent  the  multiplieation  of 
undertakings.  For  instance,  in  the 
Metropolis  the  Imperial  Gas  Company 
never  paid  a  farthing  from  the  time 
of  its  inception  ;  and  similar  remarks 
a])ply  to  the  City  of  London  and 
Phoenix  Companies.  Only  the  Char- 
tered Company  pa,id  a  dividend  ;  but, 
in  spite  of  this,  the  South  Metropolitan 
Company  was  launched  in  1833,  for 
the  purpose  of  supplying  cannel  gas, 
and  Avas  incoiporatcd  in  1843.  So 
precarious  Avas  its  early  existence,  that 
it  Avas  seven  yeai's  before  the  unfortu- 
nate shareholders  receixed  any  profits. 

Continuing,  the  Equitable  and  the 
London  Gas  Companies  Avere  laiuiched 
to  oppose  companies  already  in  the 
field — A\itli  fatal  results,  as  for  nearly 
tAventy  years  they  both  failed  to  earn 
a  dividend.  The  London  Comptmy, 
Avhich  Avas  s^uated  partly  north  and 
partly  south  of  the  Thames — in  the 
Strand  and  Laml)cth  respect; A'ely — 
A\'as  destined  to  play  an  im])ortant  part 
in  the  question  of  differential  prices  for 
gas  in  London.  The  Company  Avas 
established  in  1830,  and  incorporated 
by  Act  of  Parliament  in  1843.  The 
mains  Avero  laid  ncrocs  the  river,  the 
works  being  at  Vauxhall.  Later  a 
move  Avas  made  to  ncAV  A\'orks  at  Nine 
Elms.  So  happily  Avere  they  placed 
that,  shortly  after  this,  their  troubles 
ceased,  and  10  per  cent  Avas  paid  on 
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the  original  shares.  The  Commercial 
Gas  Company,  for  supplying  the  east 
of  the  MetropoUs.  was  incorporated  in 
1847. 

At  this  date  the  "  Gas-Works  Clauses 
Act  "  was  passed,  for  the  purpose  of 
consolidating  in  one  Act  "  certain  pro- 
visions usually  contained  in  Acts  au- 
thorizing the  construction  of  gas- 
works for  supplying  towns  with  gas." 

Purification  Troubles. 

In  the  summer  of  1842  a  Committee 
was  formed  to  investigate  the  impuri- 
ties of  gas.  and  the  injuries  done  by 
tlie  products  of  burnt  gas .  The  services 
of  Profs.  Faraday  and  Brande,  Mr. 
Aikin,  Mr.  Brown,  and  Dr.  Prout  were 
enUsted.  Without  going  into  the  de- 
tails of  their  ref>ort,  it  is  necessary  to 
say  that  the  experiments  were  made 
from  investigations  of  the  water  used 
at  the  Athenaeum  Club,  wliich  water, 
when  evaporated,  showed  the  presence 
of  free  sulphuric  acid.'^ 

In  1854  Dr.  Henrv  Lethebv,  M.B.. 
Medical  Officer  for  Health  for 'the  City 
of  London,  presented  a  long  report  to 
the  authorities  on  '  Coal  Gas  supphed 
to  London,  A\-ith  Examples  of  Injury 
done  to  Books,  &c.,  by  the  Products 
of  Combustion.'  The  companies  par- 
ticularly concerned  were  the  Great 
Central,  wliich  supphed  the  whole  of 
the  City  ;  the  Chartered,  of  Brick  Lane 
and  Curtain  Road  ;  the  City  Companv, 
wliich  supplied  the  south  of  the  City  ; 
the  Commercial  Company  ;  and  the 
Company  which  sent  cannel  gas  to  Tfie 
Times  office  and  the  General  Post 
Office.  Dr.  Letheby,  who  was  an 
authorit}-  on  photometry,  hke\\-ise  went 
into  the  question  of  illuminating  power. 

One  point  to  Avhich  tlie  Doctor 
directed  attention  was  the  pressure. 
"This,"'  says  he,  "is  of  importance, 
because,  when  the  pressure  is  low,  the 
street  lights,  and  even  the  lights  of 
our  houses,  are  insufficient  for  the 
purposes  required."  The  writer  did 
not  think  that  gas  should  ever  lic 
dehvered  at  less  than  an  inch  of  water 
pressure  '® 

1.5  •  Report  on  Coal  Gas,'  Henry  Letheby,  M.B. 
London,  1854. 

16  '  Report  on  Coal  Gas.'  Henry  Letheliy,  AI-B. 
London,  1851,  to  the  City  Commissioners  of 
Sewers. 


Specimens  of  the  "  soil  of  the 
MetropoHs  infected  by  tar  "  and  ex- 
amples of  injury  done  to  copper  and 
brass  fittings  b}'  ammonia  accompanied 
the  report.  Specimens  of  products  col- 
lected from  the  burning  of  gas  through 
a  Leslie  burner,  and  samples  of  water 
from  the  Athenaeum  Club  House  were 
showTi.  Specimens  were  also  furnished 
by  "  Mr.  Faraday,  of  Wardour  Street," 
and  tlie  Librarian  of  the  Athenaeum. 
^Ir.  Thornhill,  of  the  Literary  and 
Philosophical  Society  of  Xewcastle- 
on  -  Tyne,  stated  that  where  they 
had  fitted  up  four  ventilators  over 
the  chandeliers  in  the  room,  "  As 
much  as  half-a-gallon  of  water  is 
collected  of  a  night  from  the  gas  burnt 
there — ^tliis  water  being  so  corrosive 
from  the  presence  of  sulphuric  acid, 
that  it  attacks  all  the  metal  fittings 
with  which  it  comes  into  contact." 
At  other  places  also  the  books  were 
stated  to  have  suffered  severely. 

Dr.  Letheby  says  :  "  Within  the 
last  da}'  or  two,  I  have  visited  the 
library  of  the  Royal  College  of  Surgeons, 
in  Lincoln's  Inn  Fields  ;  and  though 
gas  is  not  regularl}^  bunit  therein,  yet 
it  is  surprising  to  see  hovv  much  mis- 
chief has  been  done  to  the  bindings  of  the 
books  by  the  products  of  gas  consump- 
tion. I  should  think  that  in  the 
gallery  of  tlie  Institution  there  are 
hundreds,  if  not  thousands,  of  books, 
the  backs  of  which  are  completely 
rotten ....  It  may  be  asked  whether  I 
can  suggest  any  remedy  for  the  evil. 
I  reply  that  the  remedy  is  threefold  : 
(1)  In  respect  of  the  manufacture  of 
gas.  (2)  As  regards  its  purification. 
(3)  In  a  more  perfect  system  of  ventila- 
tion." Dr.  Letheby  recommended  that 
all  gas  should  be  burnt  outside  the 
room  or  shop,  whenever  practicable  ; 
and  AA'hen  this  was  not  so,  the  products 
of  comlnistion  should  be  conveyed  away 
as  sj)eedity  as  possible.  They  ought 
not,  he  added,  to  be  allowed  to  escape 
into  the  room  at  all.  "I  am  sure," 
saj's  the  learned  chemist  in  conclusion, 
"  that  many  elegant  arrangements 
may  be  suggested  for  this  pur- 
pose." 

About  this  time  a  very  voluminous 
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report"  on  the  Nature  of  Coal  Gas  was 
written  by  Lewis  Thompson,  Esq., 
M.R.C.S.  (Consulting  Chemist).  The 
report  is  undated  ;  it  is  twenty-two 
pages  in  length.  After  dealing  witli 
the  early  history  of  gas  lighting,  he 
treats  of  the  cliemical  properties  of 
gas,  and  the  report  contains  this  gem  : 
"  A  tradesman  hitherto  content  with 
an  amount  of  light  equal,  perhaps,  to 
sixteen  sperm  candles,  suddenly  be- 
comes disgusted  with  the  expense,  the 
annoyance,  and  the  uncertainty  of  his 
oil  lamps  ;  he  accordingly  sends  for  a 
gas  fitter,  and  knowing  nothing  about 
the  light  he  has  hitherto  employed, 
orders  gas  to  be  laid  on  at  about  the 
same  rate  per  quarter.  The  result  is, 
that  instead  of  a  sixteen  candle  illu- 
mination he  has  probably  reversed  the 
figures  and  got  sixty-one.  He  is, 
however,  delighted  with  the  change, 
and  would  never  think  of  going  back 
to  the  filthy  oil."  Another  piece  : 
"It  is  quite  notorious  that  workmen 
constantly  employed  about  gas  works 
enjoy  excellent  health  and  attain  to 
an  average  old  age,  proving  (we  are 
told)  that  they  are  '  used  to  it,'  or 
that,  like  Macduff,  they  bear  '  a 
charmed  hfe.'  "  He  adds  that  "  for 
some  temporary  purposes,  gas  at 
the  present  London  price  is  cheaper 
than  coal  as  a  fuel."  I  put  the  date 
of  this  treatise  at  about  1856,  and  the' 
price  of  gas  at  4s.  per  1,000  ft.  It  is 
full  of  tables  and  data,  including  a 
comparative  table  based  on  thirty-six 
experiments  of  the  "  time  em])loyed  " 
and  the  cost  of  wood  and  coal  for  fires 
as  against  gas  fires. 

The  statements  of  Dr.  Letheby  were 
not  allowed  to  go  unchallenged  ;  for 
a  closely  printed  pamphlet  was  issued 
by  the  Directors  of  the  Chartered 
Company,  they  having  commissioned 
two  eminent  chemists — Dr.  Leeson  and 
Mr.  R.  Warmington,  \\  ho  A\'ere  appointed 
by  the  Directors  to  re])()rt  upon  the 
production  of  oil  of  vitriol  from  coal  gas 
"  for  the  satisfaction  of  the  numerous 
consumers    of    gas    supphcd    by    that 


17  'The  Njitiire  and  Chemical  propcrdVs  of 
Coal  (ias  considered  with  its  Kconoinic.-il  and 
Sanitary  application  for  seneratin^  Lii,'ht  and 
Heat,'  by  liewis  Thompson,  M.Ii.C.S.,  &c. 


Company,"  and  who  reported  upon 
"  certain  inaccuracies  "  and  "  exag- 
gerated expressions,"  which  were  calcu- 
lated greatly  to  mislead  and  alarm  the 
public — however  manifest  it  might  be 
to  the  few  scientifically  acquainted 
with  the  subject  that  so  large  a  quan- 
tity of  "oil  of  vitriol,"  or  "  vitriolic 
acid,"  could  not  possibly  result  from 
the  ordinary  combustion  of  coal  gas. 
They  believed  that  the  "  oil  of  vitriol  " 
had  been  manufactured  from  gas,  not 
produced  by  the  ordinary  method  of 
consumption,  but  by  a  process  adopted 
for  these  experiments.  They  added  : 
"  We  might,  indeed,  suggest  such  a 
multitude  of  contaminating  influences 
in  this  great  Metropohs,  that  even  Dr. 
Letheby's  fearful  tale  would  sink  into 
utter  insignificance." 

In  the  month  of  October,  1854,  and 
in  February,  1855,  Mr.  John  Simon, 
writing  from  Upper  Grosvenor  Street, 
went  very  fully  into  the  complaints  of 
nuisance  from  the  London  Gas  Works. 
He  dealt  with  the  whole  process  of 
purification  as  then  carried  out  by  the 
gas  companies,  and  particularh'  with 
the  "  blue  billy,"  the  discharge  of 
which  into  the  Thames  was  regarded  in 
the  light  of  a  common  nuisance.  In 
the  City  Gas  Works,  it  appears,  wet- 
lime  purifiers  A\'ere  in  use.  The  gas 
"  bubbled  through  great  churning  tubs 
of  milk  of  lime,  leaving  in  them  its 
sulphuretted  hydrogen,  combined  into 
suliihuret  of  calcium."  These,  being 
of  no  commercial  value,  were,  at 
certain  states  of  the  tide,  discharged  at 
night  into  the  middle  of  the  river. 
The  Company,  however,  in  consequence 
of  legal  proceedings,  pledged  themselves 
to  an  abatement  of  the  nuisance,  and 
completed  a  system  of  dry-lime  ])uri- 
fication  ;  and  this  giving  a  cartable 
refuse,  they  no  longer  polluted  the 
river. 

Early  in  1860  Dr.  Letheby,  reporting 
on  experiments  on  the  illuminating 
power  and  chemical  quality  of  the 
gas  supplied  during  the  preceding 
eight  years,  said  :  "  Instead  of  resisting 
decay  for  more  than  a  century,  Avhen 
brought  into  contact  with  the  black 
soil  of  the  Metropolitan  streets,  satu- 
rated   with     gas,     the    pipes    rapidly 


1S5 


TUG    ILLUMIXATIXG    ENGINEER. 


decayai;    ani  wjr.3    ro!;b3n    in    about 
tsn  y3aT.5." 

Dr.  h-itli^hy  stated  that  ths  amoant 
of  ga3  ejoapin^  into  t'.i3  earuh 
in  tli3  Matropalis  wai  no  less  than 
383,033,033  cable  f3.3t  psr  annum. 
Mr.  Sp3n33r  calculated  it  a3  twice  this 
quantity,  ani  put  the  total  loss  at 
9  per  cent  of  all  the  gas  distributed  ; 
whereas  IVIr.  Wright  put  it  at  5  per 
cent.  According  to  Mr.  Sp3n3er,  in 
round  figures,  about  633,033,033  cubic 
feet  of  gas  was  annually  absorbed  into 
the  street  earth  of  the  Metropohs, 
whicli,  it  was  stated,  "  darkens  the 
soil,  and  makes  it  so  offensive  that  the 
emanations  from  it  can  hardly  be 
endured,  renders  the  basement  rooms 
of  houses  unin!iabitable  from  the 
poisonous  aetion  of  the  gas,  and  even 
dangerous  from  explosions,  and  taint-s 
the  water  with  filthy  odour."  At 
the  rate  of  Is.  6i.  per  1,033  cubic  feet, 
the  then  cost  price  of  gas,  "  the  loss  is 
mare  than  £17,033  per  annum."  The 
rom3dy  for  this  mischief  was  given  as 
twofold  :  (1)  To  supply  ga:.  freer  from 
ammonia  and  sulp!iur  conipounis  ; 
(2)  the  use  of  tighter  joints.  Already 
in  some  of  the  large  towns  of  England 
(as  in  Liverpool,  Maneheoter,  and 
Leeds)  the  latter  remedy  had  been 
applied  ;  the  ends  of  the  pipes  being 
turned  and  bored,  ani  fi':ted  into  each 
other  by  grinding  ''  like  a  stopper  into 
a  bottle." 

This  last  statement  is  interesting  in 
view  of  the  paper  by  Mr.  W.  G.  Head,  of 
the  South  Metropolitan  Gas  Co.,  on 
'  Main  Laying  '  and  the  "  turned  and 
bored  jointw  "  of  that  Company. 

At  ithis  time  (185*)  Dr.  Christison 
of  the  University  of  Edinburgh,  "  the 
well-known  author  of  our  best  English 
treatise  on  poisons,"  says  "  that  the 
gas  in  Edinburgli  kills  all  the  plants  in 
the  rooms  of  that  City." 

A  valuable  work  on  Purification,  &c., 
was  publish'd  in  18G7  by  the  Rev.  Dr. 
I5owdit:h,  r.  markable  "  not  only  from 
t!ie  fact  that  tlie  author  was  the  incum- 
bent of  St.  Andrew's,  Wakefield,  but 
also  b}'-  reason  of  its  originality  and 
power,  and  its  lucidity." 

In  July,  1864,  a  closely  printed  and 
interesting  pamphlet,  signed  by  Thomas 
Greaves  Barlow  (the  first  publisher  of 


the  "  Journ%r''  of  Gaslightinj,  then 
iissued  quarterly),  addressed  to  the 
Direetors  of  the  Chart3red,  City  of 
Londaa,  and  Great  Central  Companies, 
d3alt  exhaustively  with  the  'Sulphur 
Compounds  present  in  the  Companies' 
Gas.' 

In  the  same  year  Dr.  Letheby  gave 
his  opinion  on  the  reports  of  Messrs. 
Barlo.v  and  EUissen,  condensing  and 
tabulating  them  ;  mention  b^ing  made 
of  the  experiments  of  Mr.  Bowditeh, 
Dr.  Angus  Smith,  and  Mr.  Hawksley's 
communication  to  The  Journal  of  Gas- 
lighting. 

In  1848  a  report  Avas  presented  to 
the  London  authorities  by  Mr.  Charles 
Pearson,  the  City  Solicitor,  and  pub- 
lish ea  in  all  the  newspapers,  wherein 
he  demonstrated  that  the  price  of  gas 
(then  6s.)  ought  to  be  governed  by 
the  cost  of  distribution,  rather  than 
by  the  cost  of  production. 

Competition  Withint. 
Competition  was  now  universal,  four 
or  five  companies  supplying  one  dis- 
trict. On  the  south  side  of  the  river 
four  companies  were  supplying  Wal- 
worth Road,  each  having  a  main  on 
both  sides  of  the  street — ^giving  eight 
mains  for  one  thoroughfare.  This  com- 
petition was  disastrous  ;  for  the  com- 
panies rarely  paid  anything  like  full 
dividends,  and  tlie  provision  of  the 
1847  Act  was  that  when  full  dividends 
were  paid  (viz.,  10  per  cent),  a  reserve 
fund  of  one-tenth  of  the  capital  should 
be  accumulated.  After  that  any  further 
surplus  was  to  go^jtin  reduction  of 
price.  The  Act  allowed  companies 
to  make  up  their  dividend  defi- 
ciencies of  earher  j^ears  ;  and  thus  full 
dividends  were  practically  assured  by 
the  Legislature.  The  price  of  gas  was 
not  reduced  ;  nor  was  it  likely  to  be 
under  such  conditions.  During  1847 
the  price  was  about  6;.  6d.  per  1,000 
cubic  feet ;  and  the  South  Metropolitan 
Company  paid  6  per  cent.  Most  of 
the  other  companies  paid  less — ^-^Aith 
the  exception  of  the  Imperial  Company, 
who  were  in  the  happy  position  of 
paying  10  per  cent. 

The  consumers  were  the  only  ones 
who  reaped  any  apparent  benefit,  and 
this  often  of  an  unscrupulous  kind^  by 
obtaining  their  gas  for  years  Avithout 


CENTENARY   OF   GAS   LIGHTING. 


189 


any  payment  whatever.  When  the 
supply  was  dis:^onnected  by  one  com- 
pany for  non-payment,  a  nominal 
deposit  would  induce  a  rival  company 
to  lay  on  a  supplv  ;  and  often  three 
services  were  in  the  premises  at  one 
time.  Dishonest  consumers  could  thus 
take  advantage  of  the  secrecy  observed 
by  the  rival  companies  to  obtain  their 
light  free.  Concessions  of  every  kind 
were  made  to  consumers  to  obtain 
their  patronage,  even  to  the  extent  of 
allowing  one  or  more  lights  to  be  sup- 
phed  free  of  charge.  The  company 
Avould  alter  fittings  gratuitously  ;  while 
gas  would  be  sometimes  supplied  at 
one -third  of  the  sale  price.  District 
inspectors  had  full  poA\ers  and  a  free 
hand  (including  a  commission)  to  get 
customers  the  best  way  they  could — 
not  new  customers,  it  may  be  here 
mentioned,  but  "  turnovers  "  from  the 
other  companies.  Ready  cash  changed 
hands  in  these  transactions.  A  cus- 
tomer obtained,  a  meter  Avould  be  left. 
A  week  or  two  later  another  company 
would  undertake  to  supply  the  cus- 
tomer b}'  contract,  with  the  addition  of 
two  or  three  free  lights.  Then  as  the 
mains  of  the  tb.ree  companies  \\'ere  side 
by  side  in  the  road,  it  was  not  an 
unusual  occurrence  to  find  that  a 
company  was  drawing  payment  for 
gas  taken  from  an  opposition  company's 
main. 

I  recently  heard  a  very  old  servant 
of  the  Gas  Liglit  and  Coke  Company 
speaking  of  this,  say,  "that  when  a 
gas  fitter  Avent  into  a  basement  to  con- 
nect up  a  supply  he  found  three 
service  pipes,  the  "Chartered,"  the 
"  Great  Central,"  and  the  "  City  of 
London  Companies,"  and  that  with 
a  view  of  finding  his  OAvn  company's 
pipe,  he  would  remove  the  caps  and 
smell  the  gas,  as  each  companj^'s  gas 
had  a  distinct  odour  in  those  days." 
Be  this  so  or  not,  the  difficulty  Avas 
there,  though  I  prefer  to  take  Mr. 
Thomas  Xewbigging's  version  on  the 
subject,  i.e. :  "  An  ingenious  device  was 
adopted  for  discovering  connections  of 
this  kind  ;  holes  having  been  drilled  in 
the  respective  mains,  a  ferule  with  a 
flexible  tube  was  inserted,  the  otlier 
end  of  the  tube  being  draAvn  on  to  the 
nozzle   of   a   portable  belloAvs.     When 


this  latter  was  actuated,  a  pulsation  of 
the  contained  gas  Avas  set  up,  and 
this,  extendmg  to  the  lights  in  the 
neighbouring  tenements,  revealed  the 
source  of  supply." 

But  this  was  not  the  only  source  of 
loss  to  a  company  ;  for,  in  addition — 
in  consequence  of  the  hurried  manner 
in  which  the  mains  Avere  often  laid,  and 
continual  changing  of  serAace-pipes — 
considerable  escapes  vA'ere  always  taking 
place,  SAvelling  tlie  total  of  unaccounted- 
for  gas.  The  difficulty  was  to  bring  to 
book  the  offending  company ,  as  the 
officers  thrcAV  the  responsilnlity  upon 
their  rivals  ;  and  in  the  event  of  a 
leakaga  being  discoA'ered  on  tlie  mains 
of  one  company  it  Avas  not  unusual 
to  attii'aite  it  to  Avilful  damage  on  the 
part  of  a  rival's  AAorkmen.  In  fact, 
the  spirit  of  competition  reached  the 
point  of  personal  animo.sity  among  the 
directors  and  officers  of  the  various 
undertakings.  Explosions  were  the 
order  of  the  day ;  and  each  companj^ 
made  the  most  of  its  rival's  troubles. 

In  spite  of  much  ridicule  and  oppo- 
sition the  Great  Central  Gas  Company 
was  formed  bj^  Mv.  Charles  Pearson 
and  ]\Ir.  Alexander  Angus  Croll,  who 
afterAvards  became  Sheriff.  The  Com- 
pany started  Avith  the  promise  to 
supply  gas  at  4s.  (and  had  a  clause  in 
their  Act  to  tliis  effect),  to  be  reduced 
to  3s.  Qd.  and  3s.  per  1  000  cubic  feet 
as  soon  as  the  consumption  AAOuld 
enable  the  Company  to  make  the 
reduction  out  of  the  "  excess  of 
profits  after  paying  their  shareholders 
a  dividend  of  10  per  cent."  IXcecUess 
to  say,  the  Company  never  got  below 
U.  The  Great  Clentral  Company  also 
agreed  to  have  inserted  in  the  Act  a 
clause  givmg  free  metei-s  and  service- 
pipes  to  consumers.  They  had  power 
to  pay  deficiency  in  dividends  of  pre- 
vious 3'ears  that  Avere  below  10  per 
cent  ;  and  they  were  not  compelled  to 
form  a  reserve  fund.  The  Act  had  a 
clause  in  it  stating  that  the  Company 
should  not  supply  gas  to  any  lamp  or 
burner  in  any  street,  church,  chapel, 
tSrc,  in  the  east  of  London,  except  in 
the  districts  of  the  l^ritish  Gaslight 
Com])any,  the  RatcliiTe  Company,  and 
the  Coinmercial  Gas  Company,  and 
then  only   on  paj'ment  to  such   com- 
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panics  of  405.  for  every  lamp  or  burner 
supplied.  A  similar  penalty  applied  to 
certain  parishes  which  were  in  the 
districts  of  the  Gas  Light  and  Coke 
Company  and  the  City  of  London  Com- 
pany— penalties  being  recoverable. 

The  Directors  adopted  9|  sperm 
candles  as  the  standard  of  comparison 
for  their  gas,  as  recommended  by 
Clegg ;  but  the  authorities  fixed  12 
wax  candles  in  the  Bill.  Printed 
documents  distributed  said  :  "  We 
will  supply  you  with  9|  sperm  candle 
gas  as  reported  by  Mr.  Clegg,  as  a  high 
average,  at  4s.  per  1,000  cubic  feet, 
which,  if  you  will  take  300  milhons  per 
annum  will  ^^deld  a  dividend  of  10  per 
cent.  If  you  take  450  millions,  we 
will  supply  at  3s.  6rl.,  and  if  600  millions 
you  shall  have  it  at  Ss.  ;  for  we  are 
advised  that  quantity  has  an  important 
influence  over  price.'' 

It  is  worthy  of  note  that  under 
this  Act  of  1851  the  supply  of  gas 
was  voluntary  on  the  part  of  the 
Company,  though  all  legislation  after- 
wards made  it  compulsory. 

The  Corpoi-ation  of  London  has 
always  taken  a  leading  part  in  the 
gas  affairs  of  the  Metropolis,  having 
expended  over  £29,000  in  promoting 
Bills  and  Gas  Legislation  generally 
during  the  years  1860  to  1880,  and  in 
1868  had  a  Bill  in  Parliament  authoriz- 
ing them  to  become  the  gas  authority 
for  the  City  of  London,  with  works  at 
North  Woolwich. 

The  Avorks  of  the  "  Great  Central 
Gas  Consumers'  Company  "  Avere 
situated  at  Bow,  and  were  opened  in 
state  by  the  Lord  Mayor  and  Sheriffs 
of  London,  1859,  Croll  being  the  con- 
structional engineer  and  manager. 

His  Lordship  addressed  the  assem- 
bled workmen  in  a  speech  on  the 
origin,  progress,  present  position,  and 
future  of  tlie  gas  industry  ;  this  was 
followed  by  a  dance,  the  festivities 
being  kept  up  to  a  ver}^  late  hour. 

In  his  early  life  Croll  was  connected 
with  the  watch -making  industry,  after- 
wards becoming  Master  of  the  Worship- 
ful Clockmakers'  Company  of  the  City 
of  London.  It  was,  perhaps,  this  early 
training  in  the  highly  technical  work 
of  watchmaking  that  caused  him  to 
turn   his  attention  to  the  production 


of  a  dry  meter  for  measuring  gas. 
Croll,  in  conjunction  with  William 
Richards,  C.E.,  invented  the  dry  meter. 
The  latter,  describing  the  early  experi- 
ments, said  :  "  If  a  small  balloon  be 
attached  to  the  Company's  pipe  and 
filled  with  gas,  which  is  afterwards 
detached  and  pressed  between  two 
flat  surfaces  to  expel  the  whole  of  its 
contents  into  any  receptacle,  it  is 
certain  that,  if  the  capacity  of  the 
balloon  be  known,  by  this  means  gas 
could  be  measured  with  the  same 
facility  as  hquids  ;  for  if  it  held  exactly 
a  cubic  foot,  each  time  on  being  filled 
that  quantity  of  gas  would  be  deUvered 
by  the  Company,  and  on  being  emptied 
would  be  received  by  the  consumer." 

Clegg,  in  '  The  Manufacture  of  Coal 
Gas,  1859,'  writes,  with  a  view  to 
removing  the  objections  to  dry  meters, 
previously  introduced  :  "  The  '  Croll- 
Richards  '  meter  secured,  by  a  different 
application  of  the  leather,  that  the  gas 
should  not  be  affected  by  the  contrac- 
tion or  expansion  of  that  material." 

Mr.  J.  0.  N.  Rutter,  of  Brighton,  in 
his  work  '  Advantages  of  Gas  in  Private 
Houses  '  (1854),  remarks  :  "  The  Dry 
Meter  has  been  in  use  about  23  years. 
During  this  period  neither  capital  nor 
skill  have  been  spared  by  its  joint 
inventor  and  patentee,  Mr.  A.  A.  Croll, 
to  make  it  what  it  has  now  become — 
an  accurate  measurer,  not  affected  by 
sudden  or  extreme  variations  of  tem- 
perature." 

I  gather  that  at  one  time  there  was 
some  connexion  between  the  firm  of 
Glover  &  Co.,  meter  makers,  and  Mr. 
Croll,  for  I  have  seen  a  dry  meter  bear- 
ing a  plate  A\'ith  the  following  inscrip- 
tion :  "  Croll  &  Glover's  Dry  Meter, 
1859." 

IVIr.  Croll  was  also  a  Director  of  the 
Tottenliam  Gas  Co.,  a  successful  Lessee 
of  the  Coventry  Gas  Co.,  Consulting 
Engineer  to  the  Winchester  Gas  Co., 
and  he  also  did  yeoman  service  for  the 
Jersey  and  Guernsey  Gas  Co.  in  its  early 
days,  and  was  Consulting  Engineer 
and  Agent  in  this  country  to  the 
Shanghai  Gas  Co.  up  to  1870. 

Thus  the  period  of  supply  between 
the  time  of  the  passing  of  the  Gas-Works 
Clauses  Act  of  1847,  and  the  coming 
into  force  of  the  Metropolis  Gas  Act  of 
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I860  was  one  of  unrestricted  competi- 
tion. In  1848  the  price  of  gas  was  65. 
per  1,000  cubic  feet  all  over  the  Metro- 
pohs.  Tlie  "  cheap  gas "  agitation 
then  spread  to  the  south  of  the  Thames  ; 
and  ]\Ir.  John  Tliwaites,  a  cbaper  in 
the  Borough,  who  aftenvards  became 
Sir  John  Thwaites,  the  originator,  and 
first  Chairman  of  the  Metropohtan 
Board  of  Works,  was  the  prime  mover. 
Sir  George  Livesey  (then  a  lad,  at  the 
Old  Kent  Road  works,  under  his 
father),  speaking  of  these  times,  says  : 
"  1848  was  my  advent  into  the  gas 
industry  ;  and  I  remember  quite  well, 
as  a  youngster,  attending  a  public 
meeting,  and  hearing  Mr.  John  Tliwaites 
speak.  They  demanded  a  reduction 
from  6s.  to  4s.  If  the  companies  had 
been  reasonable,  and  reduced  it  by  Is. 
to  5s.,  I  think  it  would  have  stopped 
the  agitation ;  but  the  companies  were 
obstinate,  and  persisted  in  the  Qs.  price." 


and  other  companies  had  to  do  the 
same.  On  the  passing  of  the  I860  Act, 
very  few  of  the  thirteen  companies  now 
in  the  Metropolis  paid  more  than 
6  per  cent,  which  was  looked  upon  as 
a  good  di\'idend. 

In  the  City,  previous  to  the  advent 
of  the  Great  Central  Company,  the 
districts  of  supply  were  partitioned 
out  between  the  City  of  London  Com- 
pany and  the  Chartered  Company,  who 
alone  supplied  pubHc  and  private 
lighting.  The  boundary  of  these  two 
Companies  was  well  defined,  no  attempt 
at  infringement  of  it  was  made,  and 
competition  between  them  was  un- 
known. Other  companies  were  care- 
fully prevented  from  laying  down  pipes. 
But  though  there  was  no  competition, 
it  was  unrestricted  outside,  which 
enabled  the  authorities  to  submit  these 
facts  to  the  two  Companies  from  time 
to  time,  and  required  what  appeared 
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London 
Company. 
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Company. 
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Company. 

s.    d. 

s.    d. 

s.    d. 

j                   P.     d. 
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15    0 

15    0 
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9     0 

1824  . 
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15    0 
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9     0 
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15    0 
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9      0 

1827  . 
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7     0 

1831  . 
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7s.  and  6s. 

7s.  and  6s. 

18.32  . 

12    6 
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1848  . 
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10    0 

11     3 
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.5s.  and  4?. 

5s.  and  4s. 

1834  . 
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18.50) 

rCoin  petition 
4s.  1     by  G  reat 

1835  . 

10    0 

10    0 

to    } 

4    0 

18.36  . 

10.-^.  and  9s. 

IDs.  and  '.»s. 

1860J 

1  Central  Con- 
l  sumers'  Co. 

1837  . 

9    0 

9    0 

1838  . 

9    0 

9    0 

Table  of  gas  prices  of  •'  City  of  London  "  Company  and  the  •'  Chartered  "  Company,  from  1823  to  1860. 


Tlie  result  of  the  agitation  was  the 
immediate  starting  in  South  London 
of  the  Surrey  Consumers'  Company, 
also  by  Mr.  Tliwaites  and  Mr.  Croll. 
This  Company  likcAvise  started  witli 
tlie  promise  to  supply  at  4s.  per  1,000 
cubic  feet.  These  two  "  Consumers' 
Companies,"  bom  of  an  agitation  of 
aggrieved  ratepayers  and  gas  con- 
sumers, speedily  brought  doAvn  the 
price  of  London  gas  from  6s.  to  4s. 
The  South  Metropolitan  Compan}-  had 
been  previously  paying  6  per  cent. 
They  had  to  reduce  this  to  5  per  cent ; 


to  be  a  commensurate  reduction  in  the 
price  both  in  public  and  private  lighting 
supply.  The  result  was  that,  between 
1823  and  I860,  the  price  was  reduced 
b}?-  the  two  Companies  from  1 5s.  to 
4s.,  as  set  out  above. 

In  the  year  1850  the  contracts  for 
lighting  the  public  lamps  having  been 
advertised,  the  result  Avas  the  letting  to 
the  new  Company  of  the  public  lighting 
at  a  reduced  rate.  But  the  public  had 
to  submit  to  the  inconvenience  of 
having  1,650  holes  opened  in  the 
paving.     In   1852  tenders  for  lighting 
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were  again  received.  The  Chartered 
Company  obtained  the  portion  originally 
lighted  by  them,  the  Great  Central 
Company  retaining  the  remainder, 
and  a  further  sum  was  thus  saved. 
Owing  to  this  reletting  of  a  portion  of 
the  area  to  the  Chartered  Comj^any,  and 
the  reconnexion  of  their  supply-pipes 
and  the  disconnexion  of  the  Consumers' 
Company's  pipes,  1,093  holes  were 
opened  in  the  roads. 

About  this  time  William  Perkin 
(aftenvards  Sir  WilHam  Perkin)  dis- 
covered the  great  Aniline  Dye  Process. 

Competition  Lessening. 

The  price  of  gas  in  the  metropolis 
now  stood  at  4s.,  until  the  Com- 
panies were  districted,  which  came 
about  in  this  way  :  Mr.  Thwaites,  the 
originator  of  the  Consumers'  Gas  Com- 
panies, was  likewise  the  originator  of 
the  districting.  The  Surrey  Con- 
sumers' Company,  like  the  Great 
Central  Consumers'  Company,  before 
they  commenced  had  many  promises 
from  Avould-be  consumers.  But  as  soon 
as  they  were  ready  to  start,  the  other 
companies  reduced  their  price  to  4s., 
and  took  off  meter-rents.  Then  the 
customers  who  had  promised  to  take 
their  gas  failed  to  keep  then-  word. 
The  Surrey  Consumers'  Company  were 
in  a  great  difficulty.  Mr.  Thwaites 
said,  "  I  see  competition  is  a  failure." 
The  Companies  struggled  on  for  a  year 
or  two,  and  then,  in  1853,  at  Mr. 
Thwaites's  suggestion,  they  agreed  to 
divide  South  London  between  them. 
In  1854  the  South  London  Companies 
having  divided  that  portion  of  the 
Metropolis  between  them,  A\'ent  to 
Parliament  for  sanction  for  this  dis- 
tricting ;  but,  to  use  Sir  George 
Livesey's  words,  "  the  feeling  against 
this  monopoly  was  so  strong  that 
Parliament  refused  its  sanction,"  and 
so  they  went  on  under  the  agreement 
until  1860,  when  sanction  Avas  obtained. 

In  tlie  year  1859,  the  Companies  on 
the  north  side,  profiting  by  the  experi- 
ences of  their  confreres  on  the  Surrey 
side,  entered  into  an  arrangement 
for  terminating  their  competition,  and 
divided  the  Northern  Metropolis  into 
districts,  upon  the  principle  of  exclu- 
sive supply.     Tlie  effect  of  this  on  the 


price  of  gas  was  that  the  very  com- 
panies who  had  been  formed  from  the 
consumers  and  ratej)ayers,  and  who  had 
succeeded  so  well  in  their  object,  now 
that  they  felt  the  keenness  of  the 
competition  they  had  brought  about, 
immediately  put  up  the  ptrice  of  gas 
from  4.S.  to  4s.  Qd.  per  1,000  cubic  feet, 
at  which  figure  it  stood  until  1860. 

The  raising  of  the  price  to  4s.  Qd. 
caused  an  agitation  to  break  out  again. 
Complaints  from  local  bodies  and 
other  consumers  resulted  in  an  inquiry 
being  made  as  far  as  the  Metropolis 
was  concerned,  which  ended  in  the 
passing  of  the  Metropolis  Gas  Act,  1860. 
The  Bill  was  originally  proposed  by 
delegates  from  the  gas  consumers  and 
authorities  of  the  Metropolis,  who, 
attended  by  a  large  array  of  counsel, 
parliamentary  agents,  and  solicitors, 
were  engaged  before  a  Select  Com- 
mittee of  the  House  of  Commons  for 
thirty  days  discussing  its  principles 
and  details.  It  was  introduced  into 
Parliament  quite  early  in  1860,  and 
on  April  2nd  was  referred  to  a  Special 
Committee  of  the  House  of  Commons. 

Ultimately  the  Act  passed  in  its 
present  shape — the  companies  having 
obtained  the  withdrawal  from  it  of 
those  features  which  they  considered 
prejudicial  to  their  interests.  Par- 
liament, therefore,  appears  to  have 
confirmed  Mr.  Robert  Stevenson  in 
the  opinion  that,  by  a  well-regulated 
exclusive  trade,  gas  consumers  might 
be  better  and  more  cheaply  sup- 
plied than  by  rival  companies  carrying 
on  businesses  with  all  the  changes  and 
losses  which  a  state  of  rivalry  produces. 

In  this  Act  a  price  was  fixed  of 
4s.  ikl.  per  1,000  cubic  feet  for  12-candle 
gas  ;  but  the  charge  could  be  raised, 
on  appeal  to  the  Home  Secretary,  up 
to  5s.  6fZ.  The  districting  was  also 
legalised,  so  that  competition  was 
killed.  The  abolition  of  competition 
sanctioned  by  this  Act,  the  fixing  of 
the  minimum  price  at  4s.  M.  for  com- 
mon gas  of  twelve  sperm  candles,  and 
the  increased  consumption  caused  the 
companies  to  be  very  prosperous, 
excepting,  perhaps,  the  Chartered  Gas 
Company.  The  companies  were  pay- 
ing full  dividends  (10  per  cent)  ;  and 
the  Act  permitted  them  to  pay  back 
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dividends  over  a  large  number  of  non- 
prosperous  years.  This  system  en- 
couraged the  wasteful  expenditure  of 
capital.  As  new  capital  was  allotted 
at  par  to  the  shareholders,  it  was  only 
natural  they  should  be  clamorous  for 
stock  on  such  favourable  terms  and 
with  such  authorized  dividends.  Thus 
no  inducement  was  offered  to  reduce 
the  price  of  gas. 

Among  various  petitions  presented 
at  this  time  to  the  local  authorities 
against  gas  companies  under  the  1860 
Act  was  one  which  stated  that  the 
Act  gave  the  companies  power  to 
raise  the  price  from  4s.  Qd.  to  55.  Gd. 
for  common  gas,  and  from  6s.  to  7.9.  for 
cannel  gas,  and  to  change  the  gas  at 
their  own  discretion. 

Though  much  that  has  been  written 
deals  with  the  Metropolis,  it  must  be 
borne  in  mind  that  London  had  been 
the  fighting  ground  of  the  gas  industry 
during  the  last  fifty  years.  The  in- 
dustry was  practically  born  in  London  ; 
and  the  battles  fought  for  and  against 
the  London  Gas  Companies,  the  agita- 
tions, competition,  &c.,  coloured  the 
legislation  with  respect  to  the  industry 
as  a  whole.  In  1861  the  price  of  gas 
south  of  the  Thames  was  4s.  Sd.,  with 
a  minimum  charge  (similar  to  tlie 
water  companies)  of  30s.  per  year, 
whether  the  gas  was  used  or  not. 

It  is  interesting  to  note  the  names 
of  the  twenty-two  companies  in,  and 
grouped  around,  London  at  this  time  : 
The  Gaslight  &  Coke  Co. ;  City  of  London 
Co.  ;  Commercial  Co.  ;  Equitable  Co.  ; 
Great  Central  Consumers'  Co.  ;  Inde- 
pendent Co.  ;  London  Co.  ;  Phoenix 
Co.  ;  Ratcliffe  Co.  ;  Surrey  Consumers' 
Co.  ;  South  Metropolitan  Co.  ;  Western 
Gaslight  Co.  ;  Imperial  Co.  ;  Crystal 
Palace  Co.  (now  the  South  Suburban 
Co.)  ;  Woolwich,  Plumstead,  and  Charl- 
ton Consumers'  Cos.  ;  Woolwich  Equit- 
able Co.  ;  Wandsworth  and  Putney  Co.  ; 
Brentford  Co.  ;  Victoria  Docks  Co.  ; 
Eltham  Co.,  Ltd.  ;  West  Ham  Co.  ; 
and  the  Mitcham,  Merton,  and  Tooting 
Co.  Tlie  first  tliirteen  only  of  the  fore- 
going companies  were  entitled  to  be 
called  "  Metropolitan  Gas  Companies," 
with  powers  to  "  district." 

In  September,  18()7,  an  interesting 
pamphlet  was  issued  dealing  with  the 


labours  in  Parliament  of  tlie  authorities 
during  that  Session  in  connexion  with 
the  Bills  of  the  Imperial  and  the 
Chartered  Gas  Companies.  The  pam- 
phlet was  a  reprint  from  the  "  Journal,'' 
and  was  published  for  distribution.  It 
contained  the  speech  of  Mr.  Deputy 
Bontems,  the  Chairman  of  the  Special 
Gas  Committee,  who  says:  "Then 
look  at  the  money  spent  in  agitation ! 
The  Journal  of  Gas  Lighting  says  that 
£100,000  have  been  lost  in  parha- 
mentary  expenses  since  the  year  1857." 

Revision  of  Prices. 

With  regard  to  the  revision  of  prices, 
there  were  only  three  applications 
between  1868  and  1876— one  in  1873, 
and  two  in  1874 ;  and  there  is  no 
doubt  that  they  were  brought  about 
by  the  great  coal  famine  in  the  early 
seventies.  This  famine,  which  began 
in  1872  and  lasted  till  well  into  1874, 
was  at  its  worst  in  1873,  when  prices 
had  increased  more  than  100  per  cent. 
It  will  be  noticed  that,  by  this  Statute, 
the  Revision  Commissioners  were 
directed  to  have  regard  to  the  question 
of  management,  and  were  only  to  allow 
such  a  price  as  would  yield  10  per  cent 
profit  consistent  with  "  due  care  and 
management." 

In  1867  the  consumption  of  gas  in 
the  Metropolitan  area  was  increasing 
at  an  enormous  rate.  The  quantity 
supplied  to  the  large  district  served  by 
tlie  Imperial  C-o.  doubled  every  ten 
years  ;  and  as  the  establishment  charges 
were  not  increasing  in  the  same  ratio, 
the  cost  of  supply  per  1,000  cubic  feet 
was  naturally  diminishing. 

In  the  early  part  of  1868  there  was 
issued  an  extremely  interesting  pam- 
phlet entitled  '  London  Gas  Companies 
and  Gas  Consumers  :  an  Important 
and  Exhaustive  Article  on  tliis  Great 
Public  Question  '  ;  being  reprints  from 
The  Daily  News  of  that  year.  The 
title-page  had  on  it  the  following : 
"  Great  misapprehension  exists  on  the 
Gas  Question  ;  a  portion  of  tlic  Press 
— and  notably  The  Saturday  Revieic — 
having  accused  those  who  sought,  and 
still  continue  to  seek,  for  a  reform  in 
this  gigantic  monopoly,  of  a  desire  for 
confiscation.  A  Committee  of  the  House 
of    Commons,    presided    over    by    an 
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experienced  and  distinguished  states- 
man, have  investigated  the  matter, 
and  have  arrived  at  a  conchision  still 
more  unfavourable  to  the  Gas  Com- 
panies. This  report  has  produced  a 
renewed  cry  for  confiscation,  and  an 
elaborate  defence  of  the  Companies  by 
a  Director  of  the  Imperial  Company — 
the  largest,  and,  as  last  year's  evidence 
showed,  most  unfair  in  its  dealing  with 
the  consumers,  of  these  great  and 
uncontrolled  monopoUes.  Four  articles 
having  lately  appeared  in  The  Daily 
Neivs,  A\Titten  by  an  unknoAvn  hand, 
and  these  articles  stating  the  position 
of  matters  M'ith  great  accuracy  and 
impartiahty,  permission  was  asked  of 
the  proprietors  of  that  newspaper,  and 
at  once  readily  given,  to  reprint  and 
circulate  them.  They  charge  to  private 
consumers  45.,  to  the  rich  parish  of 
Marylebone  2s.  Hid.,  and  to  the  poor 
parish  of  Clerkemvell  3s.  Id.,  for  the 
same  quality  and  quantity  of  gas." 
One  interesting  point  in  the  pamphlet 
is  the  cost  of  gas,  at  this  time  (1868), 
viz.,  it  being  certified  by  the  engineers 
of  five  of  the  greatest  London  Companies 
to  be  lljrf.  at  the  works.  One  com- 
pany, the  West  London  Junction,  who 
supphed  all  their  gas  to  one  consumer, 
had  sold  gas  since  1859  at  2s.  lOld.  per 
1,000  cubic  feet,  and  were  prepared  to 
sell  any  quantity  at  that  price." 

During  1868  a  very  strong  pamphlet 
was  issued  by  Mr.  C.  G.  Cleminshaw, 
the  engineer  of  the  Manchester  Gas 
Works,  entitled  the  '  Gas  Supply  of 
the  Metropolis  :  a  Word  to  the  Public, 
the  Companies,  and  the  Shareholders.' 
It  was  a  scathing  indictment  of  the 
tbu'teen  gas  companies  of  the  Metro- 
polis. In  one  place  the  author  says 
that  if  the  1868  Session  had  been  futile, 
the  companies  had  been  threatened 
with  a  Bill  by  which  the  consumer 
would  have  been  supplied  with  18- 
candle  power  gas  at  3s.  Qd.  per  1,000 
cubic  feet. 

Tliere  was  also  an  article  dealing 
with  the  question  of  the  10  per  cent 
dividend  of  the  gas  companies,  which 
contrasted  the  condition  of  things  in 
London  Mith  those  in  Manchester 
(where  the  gasworks  were  in  the  hands 
of  the  Corporation),  and  concluded  : — 

"  Tlie  language  and  attitude  of  the 


Companies  are  quite  unreasonable  ;  and 
they  must  be  reminded  that  they  exist 
for  the  consumers,  not  the  consumer 
for  them." 

In  1868,  in  an  article  entitled  '  The 
Gas  we  Bum,'  in  The  Leisure  Hour,^^ 
is  the  following  quaint  description  of 
gas  retorts  : — 

'■  Retorts  are  somewhat  c^'lindrical 
in  shape.  We  may  add  that  shapes 
vary  in  different  factories  :  some  are 
strictly  circular ;  a  cross  section  of 
others  would  shew  them  in  a  greater  or 
less  degree  oval  ;  others,  again,  are 
waggon  shaped,  whilst  many  are  known 
as  'kidney  shaped.'  The  'Waggon' 
or  Q  shaped  appear  to  be  very  gener- 
ally used." 

The  article  also  states  that  "  at  the 
'  Equitable  '  (London)  Gas  Works,  the 
processes  of  gas  making  are  gone 
through,  not  merely  without  armoyance 
to  the  neighbourhood,  but  almost 
without  any  imperceptible  odour  in  any 
part  of  the  premises."  Informing  is 
the  statement  in  the  same  paper  that, 
in  1848,  the  amount  of  gas  consumed 
in  the  Metropolis  was  3.200  million 
cubic  feet,  sold  for  £700,000  ;  whilst  in 
1868  it  was  at  the  rate  of  12,000 
milHons,  for  which  1,200,000  tons  of 
coal  was  carbonized  ;  and  the  "  con- 
sumption of  gas  doubles  itself  in  the 
Metropolis  every  10  years." 

Compare  this  3,200  million  in  1848 
with  one  Company  alone  in  the  Metro- 
polis, which  not  long  since  had  a  record 
"  day's  output "  of  30  milhon  cubic  feet. 

Amalgamations  . 

In  1862  the  Board  of  the  Chartered 
Company  were  fortunate  in  securing 
the  services  of  John  Orwell  Phillips 
as  secretary,  "  under  whose  masterly 
sway  "  the  policy  of  consolidation  was 
carried  out. 

We  now  come  to  a  rather  important 
stage  in  gas  lighting,  so  far  as  it  con- 
cerns the  Metropolis,  when  three  of 
the  companies,  viz.,  the  Chartered,  the 
Central  Consumers',  and  the  City  Com- 
pany, were  brought  under  the  City  of 
London  Gas  Act,  1868,  in  which  the 
views  of  Lord  (then  Mr.)  Cardwell's 
Committee  Avere  substantially  incor- 
porated. 

18  The  Leisure  Hour,  April  1, 1868,  pp.  237-40. 
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Amalgamations  were  now  the  order 
of  the  day.  In  1870  the  Gashght  and 
Coke  Co.  purchased  the  Victoria  Docks 
Gas  Co.  They  also  amalgamated  with 
the  Citj^  of  London  Co.  in  March,  and 
the  famous  Great  Central  Consumers' 
Co.  in  July  of  that  year,  and  in  1871 
with  the  Equitable  Gas  Co. 

It  having  been  found  in  practice  that 
the  revisions  of  price  by  Commissioners 
were  unsatisfactory,  it  was  resolved  to 
introduce  Bills  into  Parliament  for 
entering  into  competition  with  the 
existing  gas  companies  b\^  the  erection 
of  new  works  ;  for  the  acquisition,  by 
purchase,  of  the  property  of  those 
companies  ;  and  for  the  further  regu- 
lation of  the  companies.  Three  sepa- 
rate Bills  for  carrvmg  out  these  objects 
were  introduced  into  Parliament,  and 
were  read  a  first  time  ;  but,  owing  to 
the  Government  not  being  prepared  to 
support  the  second  Bill,  that  and  the 
first  were  withdrawn. 

The  remaining  Bill,  however,  for  the 
regulation  of  the  companies,  was  pro- 
ceeded with.  Sir  George  Livesey  at- 
tended, by  order  of  the  Speaker,  at  the 
instance  of  the  Metropolitan  Board  of 
Works,  and  gave  evidence  as  to  the 
uselessness  of  existing  regulations,  and 
the  necessity  for  a  sliding-scale.  His 
\dews  greatly  influenced  the  Committee, 
and  he  quoted  from  an  address  of  his 
own  the  previous  year  to  show  that  he 
had  long  been  of  the  same  opinion. 
Finally,  on  June  25th,  after  an  immense 
amount  of  evidence  had  been  taken, 
the  preamble  of  the  Bill  was  passed. 

In  1870,  owing  to  the  sudden  illness 
of  Mr.  Esson  (the  eminent  gas  engineer 
previously  mentioned),  who  was  at 
this  time  President-Elect  of  the  British 
Association  of  Gas  Managers,  Mr. 
Magnus  Ohren  was  unexpectedly  called 
upon  to  fill  the  office  of  President  of 
the  Association.  In  his  Inaugural  Ad- 
dress he  laid  stress  on  the  desirability 
and  practicability  of  freedom  from 
impurities,  such  as  "  visible  sulphuretted 
hydrogen  and  ammonia." 

This  statement  was  followed  by  two 
papers  on  '  Purification,'  one  by  Mi'. 
Upward,  of  the  Cliartered  Gas  Com- 
pany ;  and  one  by  INIr.  George  Livesey, 
of  the  South  Metropolitan  Gas  Com- 
pany,  on   '  Scrubbers,'   who  explained 


an  admu'able  arrangement  by  means  of 
thin  boards  placed  edgeways  tier  above 
tier,  which  he  had  used  at  his  works, 
and  which  he  said  was  very  effective, 
never  got  out  of  order,  and  never 
needed  changing.  They  stand  at 
Old  Kent  Road  to-day.  Mr.  John 
Ohren,  of  the  Rio  de  Janeiro  Gas 
Company,  substituted  plates  of  iron 
for  trays  of  coke,  with  good  effect. 

It  was  at  this  time  that  the  first 
mention  of  the  "  Iron  Stoker "  was 
made,  in  a  paper  by  Mr.  Somerville,  of 
Dublin,  who  gave  his  additional  experi- 
ence of  Best  &  Holden's  '•  Iron  Stokers." 
Mr.  Magnus  Ohren  said  he  had  seen 
the  one  at  Dublin  at  work  ;  and  he 
also  called  attention  to  the  '"  Iron 
Stoker  "  produced  by  Messrs.  Dunbar 
&  Nicholson  for  drawing  and  charging 
single  retorts. 

The  address  also  dealt  with  the 
endeavours  made  to  lighten  Sunday 
labour,  by  Mr.  Morton  of  the  London 
Gas  Co.,  Air.  G.  Livesey,  and  old  Peter 
Steele  (who  is  still  alive),  who  intro- 
duced the  pruiciple.  It  may  be 
pointed  out  that  a  paper  was  read 
before  the  Association  on  "  Tar  Pave- 
ments,' by  IVIr.  T.  H.  Methven,  of 
Bury  St.  Edmunds.  But  the  most 
interesting  item  in  the  address  was 
the  allusion  to  the  introduction  of  gas- 
cookers,  Mr.  Somerville,  of  Dublin, 
havmg  first  brought  them  into  use  at 
Maidstone. 

Carburetted  Water  Gas. 

Between  1873  and  1875  Prof. 
Thaddeus  S.  C.  Lowe,  a  New  Hamp- 
shire man,  coming  of  a  New  England 
farming  stock,  invented  and  founded 
the  carburetted  water  gas  industry  in 
the  United  States.  Though  it  was 
used  before  his  time,  yet  ''  it  was  the 
combination  of  process  and  })arts  de- 
signed by  him  that  led  to  tlie  introdiic- 
tion  of  "the  process  on  a  commercial 
scale  in  this  country.  The  combination 
of  generator,  carburettor,  and  super- 
heater as  a  self-contained  gasifying 
system  was  Lowe's  design,"'  which 
lias  proved  so  useful  a  "  stand-by 
gas  plant  in  this  country. 

In  1876  the  sliding-scale,  the  auction 
clauses,  and  a  standard  price  ^yere 
introduced  into  the  (Jaslight  and  Coke 
and    South    Metropolitan    Companies' 
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Acts.  A  standard  price  was  fixed,  and 
also  a  standard  dividend  of  10  per  cent, 
Avhich  could  be  raised  5s.  per  cent  per 
annum  for  every  Id.  taken  off  the  price 
per  1,000  cubic  feet.  This  10  per  cent 
dividend  was  to  be  reduced  propor- 
tionately if  the  Companies  increased 
the  selling  price  above  3.5.  del.  and  3s.  Qd. 
respectively. 

London  cannot  claim  to  be  the  origi- 
nator of  this  system.  It  had  already 
been  put  into  the  Sheffield  Gas  Co.'s 
Act  in  1866,  and  in  the  West  Ham 
Co.'s  Act  of  1869.  But  in  1874,  at  a 
meeting  of  the  British  Association  of 
Gas  Managers,  Sir  George  Livesey 
dealt  Avith  the  question.  As  far  as 
London  is  concerned,  Livesey  may  be 
termed  the  father  of  the  gas  companies' 
shding-scale.  Owing  to  the  defective 
nature  of  the  "  one-way"  shding -scales 
of  1869  and  1874,  however,  they  are  no 
longer  operative. 

In  January,  1865,  the  City  of  London 
considered  the  question  of  manufactur- 
ing its  own  gas. 

In  1866  a  Parliamentary  Committee 
was  appointed,  under  Sk  John  Trollope, 
to  report  on  the  1860  Act,  and  the  City 
of  London  Gas  Bill,  b}^  which  power  was 
sought  to  establish  a  comj)eting  supply 
of  gas. 


dends  when  the  price  was  below  the 
maximum  fixed.  This  might  be  termed 
a  ''  one-way  "  sliding-scale. 

Sir  George  Livesey,  at  a  later  date, 
says  of  this  introduction  of  the  sliding- 
scale:  "  Strange  to  say,  all  the  Companies, 
mine  included,  refused  the  sliding-scale 
in  1875.  Except  the  Commercial,  the 
whole  of  the  Companies  were  against 
me.  Lord  Grimthorpe,  then  Sir  Ed- 
mund Beckett,  who  was  Counsel  for 
the  Companies,  in  one  of  these  (Parlia- 
mentary Committee)  rooms,  referred 
to  me  as  '  this  traitor  ;  this  Queen's 
Evidence.'  Twelve  months  later,  they 
came  for  the  sliding-scale.  My  own 
Board  were  divided ;  three  were  in 
favour,  two  against,  and  so  they  went 
with  the  rest.  Then  those  Companies 
I  mentioned  came  to  Parliament  and 
applied  for  the  sliding-scale." 

There  was  still  one  Metropolitan 
Company  without  auction  claases  in 
their  Acts — the  Commercial  Company. 
These  clauses  were  not  inserted  in  this 
Company's  Act  of  1875.  "Treated," 
says  Mr.  H.  E.  Jones,  "with  some 
favour  by  Mi\  Eorster's  Committee  in 
1875,  because  they  took  the  sliding- 
scale  A\'hen  the  other  Companies  refused 
it  that  3^ear,  Mr.  Eorster  in  considera- 
tion did  not  imjjose  the  auction  clauses 
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Sliding  Scale  of   1876,  at  per  £100. 

(i.e.    Amount    required    to    rediire 

1898. 

1876. 

1898. 

price  by  one  pennj'.)             \ 

lAmount. 

Pro- 
portion. 

Amount. 

Pro- 
portion. 

Amount. 

Pro- 
portion. 

Amount. 

Pro- 
portion. 

1 

& 
Gaslight  &  Coke  Company             9,511 
South  Metropolitan  Company        3,615 
Commercial  Company                     1,.'>29 

percent 
17-7 
23-8 
24-9 

£ 

14,806 

5,600 

1,877 

percent 
14-5 
12-6 
16-1 

44,088 

11, .524 

4,623 

per  cent 
82-3 
76-2 
75-1 

£ 

87,406 

38,637 

9,756 

per  cent 

85-5 
87-4 
83-9 

After  this  came  Mr.  Cardwell's  Com- 
mittee, to  consider  the  Bill  brought  in 
by  the  Board  of  Trade  as  an  amend- 
ment to  the  Metropolis  Gas  Act  (1860), 
in  consequence  of  the  report  of  Sir 
John  Trollope 's  Committee  of  1866. 
This  Bill  contemplated  fixing  a  maxi- 
mum price  of  Ss.  Qd.  for  14-candle  gas, 
and  limiting  the  dividend  to  7  per  cent 
where  that  price  was  charged,  with  a 
sliding-scale    for    increasing    the    divi- 


upon  them."  The  Commercial  Co.  did 
not  have  them  introduced  until  twenty- 
seven  years  after,  viz.,  1902. 

The  object  of  the  sliding-scale  was 
to  secure  "  due  care  and  management  " 
on  the  part  of  the  companies,  by  giving 
them  (as  the  letter  of  the  Board  of 
Trade  to  Mr.  James  Beal  of  the  Metro- 
politan Municipal  Association  in  1874 
stated)  a  strong  interest  to  reduce  their 
expenditure — the   "strong    interest" 
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being  the  power  to  divide  more 
than  10  per  cent.  The  foregoing  table 
(compiled  by  Mr.  Haward)  shows  the 
companies'  and  the  consumers'  shares 
in  the  increased  profits  under  the 
sliding-scale  at  per  £100  in  1876  and 
1898.     (For  table  see  previous  page.) 

In  1883  the  last  of  the  amalgama- 
tions of  the  old  Metropolitan  Gas  Com- 
panies took  place  (viz.,  the  London 
Gas  Co.,  whose  area  was  partly  on  the 
north  and  partly  on  the  south  of  the 
river,  in  the  Strand  and  Lambeth 
respectively,  with  works  at  Nine  Elms), 
after  long  negotiations,  the  date  of 
the  Order  in  Council  being  May  22nd, 
1883.  At  last  the  Chartered  Co.  got 
astride  the  river. 

Somnolence  and  Inertia. 

An  end  was  now  brought  to  a  long 
period  of  agitation,  conflict,  and 
trouble,  extending  over  twenty-eight 
years  (from  1848  to  1876),  during 
which  period  "  arranged  areas,"  "  fierce 
competition,"  "  authorized  districting," 
"amalgamations,"  and  "statutory 
monopoly  ' '  had  all  had  their  part ;  and 
now,  just  when  the  gas  companies 
were  working  in  harmony,  and  competi- 
tion and  agitation  had  ceased,  a  fresh 
form  of  competition  sprang  up  in  a 
new  illuminant  — ■  electricity  —  which 
caused  almost  as  much  wonder  as 
gas  lighting  in  its  early  days. 

Following  this  date  and  the  early 
eighties  a  somnolent  and  reposeful 
period  set  in,  and  the  industry  was  in 
danger  of  suffering  from  a  very  bad 
form  of  inertia,  caused  chiefly,  one  may 
suppose,  by  the  absence  of  competi- 
tion and  the  payments  of  high  divi- 
dends by  many  companies,  for  in 
London  the  Gaslight  &  Coke  Co.  and 
the  Commercial  Co.  Ave  re  paying  as 
high  as  13|  per  cent  in  1889,  and  the 
South  Metropolitan  Co.  were  dividing 
13|  per  cent  the  year  previous.  No 
one  complained  !  but  the  incentive  to 
energy  and  invention  seemed  to  have 
become  stagnant.  There  were,  how- 
ever, a  few  who  kept  the  torch  burning 
brightly — e.r/.,  the  veteran  Tliomas  Ncav- 
bigging,  of  Manchester,  in  the  North  ; 
Mr.  Charles  Hunt,  of  Birmingham,  in 
the  Midlands  ;  and  Mr.  George  Livesey, 
of  London   (as  he   then  was),   in  the 


South,  seconded  by  the  able  engineer 
of  the  Phoenix  Co.,  Mr.  Corbet  Woodall 
(now  Sir  Corbet),  and  Mr.  H.  E.  Jones, 
of  the  Commercial  Co.,  the  first  three  of 
whom  received  the  Institution  (Bir- 
mingham) Gold  Medal  in  the  years 
1890,  1886,  and  1882  respectively, 
whilst  the  fourth-named  gentleman  is 
recommended  for  the  same  this  year. 

Electric  Competition. 

Electric  lighting  experiments  went 
on  in  various  parts  of  the  Metropolis, 
and  direful  pictures  of  the  downfall  of 
the  gas  industry  were  drawn.  In  1884 
Sir  W.  H.  Preece,  the  engineer  to  the 
General  Post  Ofhce,  reported  on  ex- 
periments made  with  Edison  and  Brush 
lamps  in  London  ;  and  in  1885 
Col.  Haywood  (the  City  Engineer) 
made  an  interesting  report  as  to 
the  municipality  supplying  electricity 
itself,  in  which  he  mentioned  the 
complete  stagnation  in  electrical 
enterprise  in  England,  attributable 
to  the  operation  of  the  Electric 
Lighting  Act,  which  "  fettered  the 
industry  in  a  variety  of  ways."  In  the 
end  he  was  entirely  against  the  munici- 
pality supplying  electricity  itself,  but 
advised  that  it  should  encourage  com- 
mercial enterprise.  In  1883  Sir  W.  H. 
Preece,  rej)orting  on  the  electric  light 
experiments,  stated  that,  though  the 
streets  of  London  were  fairly  lighted  by 
gas,  it  had  been  proved,  both  by  gas 
and  electrical  interests,  that  the  illu- 
mination could  be  very  materially  im- 
proved ;  and  his  oj^inion  was  that,  for 
street  illumination,  all  the  conditions 
could  be  obtained  as  well  by  gas  as  by 
electricit3^ 

In  1890  there  were  160  applications 
for  Electric  Lighting  Orders  in  the 
United  Kingdom,  tAvcnty  -  three  of 
which  were  for  London. 

In  spite  of  adverse  criticism,  experi- 
ments proceeded  with  this  new  form 
of  hghting  ;  and  the  Thames  Embank- 
ment was  lighted  by  Jablochkolf  lamps. 
Later  on,  companies  sprang  up  all 
over  the  country,  and  municipalities 
apphed  for  Electric  Lighting  Orders, 
and  commenced  to  light  the  streets 
with  arc  lamps  at  great  cost. 


198 


THE  ILLUMINATING  ENGINEER. 


Fig.  4.— Mr.  Thomas  Newbigging,  C.E. 


Fig.  6.— Sir  George  Livesey,  C.E. 


Fig.  5.— Mr.  Charles  Hunt,  C.E. 


Fig.  7.— Sir  Corbet  Woodall,  D.Sc. 
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The  Industry  Awakens. 
A  nervous  tremor  was  now  passing 
through  the  ranks  of  tliose  engaged, 
or  interested  in,  the  manufacture  or 
sale  of  coal  gas.  Like  a  great  giant 
awakening  out  of  sleej),  the  industry 
aroused  itself  from  its  state  of  lethargy 
and  threw  off  its  indolence  ;  but  the 
prophets  who  foretold  the  doom  of  gas 
lighting  were  manJ^  The  manner  in 
which  these  dire  predictions  were  not 
fulfilled  is  now  a  matter  of  history. 
Invention,  which,  happily,  is  not  the 
monopoly  of  any  particular  industry, 
saved  the  situation.  It  was  busy,  no 
doubt,  among  the  pioneers  of  the  new 
rival,  but  it  was  none  the  less  active 
amongst  those  who  held  in  trust  an 
industry  grown  vast  in  spite  of  all  the 
vicissitudes  of  three-quarters  of  a 
century. 

The  Incandescent  Mantle. 

It  was  at  this  time,  when  gas  com- 
panies throughout  the  Kingdom  were 
being  "  hard  hit,"  that  the  wonderful 
invention  of  Dr.  Auer  von  Welsbach 
(who  received  the  Institution  gold 
medal),  the  incandescent  gas  mantle, 
was  brought  to  the  notice  of  the 
world  ;  and,  although  its  price  in 
this  country  {Is.  'Sd.  each),  and  fragility, 
coupled  with  prejudice,  and  a  certain 
amount  of  hesitation  on  the  part  of 
the  gas  companies,  retarded  its  adop- 
tion for  some  time,  it  was  found,  on 
account  of  its  cheapness,  by  reducing 
the  consumption  of  gas,  and  giving  three 
to  four  times  the  illuminating  value,  to  be 
a  very  serious  rival  of  the  incandescent 
electric  lamp  for  indoor  purposes. 

The  romantic  story  of  Dr.  Auer  von 
Welsbach's  discovery  in  the  early 
eighties  has  been  materialized  before 
our  eyes,  taking  us  back  to  that  world- 
renowned  and  most  celebrated  labora- 
tory at  Heidelberg,  Avhere  Henry 
Roscoe,  then  an  assistant  to  Bunsen 
(but  later  known  as  Su'  Henry  Roscoe, 
one  of  the  leading  expert  chemists  in 
this  country),  pointed  out  to  his  chief 
that  a  non-luminous  flame  could  be 
obtained  by  passing  coal  gas  a  short 
distance  through  air,  and  then  taking 
it  through  a  piece  of  wire  gauze,  known 
afterwards  to  the  world  as  the  Bunsen 
flame.     To-day  they  see  the  marvellous 


value  of  this  simple  discovery  at  the 
Heidelberg  University — the  birthplace 
of  both  the  Bunsen  flame  and  the  in- 
candescent mantle.  Dr.  von  Wels- 
bach could  have  had  no  conception 
when  he  discovered  the  light-giving 
properties  of  the  salts  of  the  rare 
earths  to  what  dimensions  and  changes 
it  would  lead,  and  its  great  effect  upon 
the  gas  industry. 

How  simple  was  the  discover}^  !  He 
was  boiling  a  solution  containing  salts 
of  the  rare  metals,  when  the  liquid 
boiled  over  and  evaporated  on  the 
fibres  at  the''ragged  end  of  an  asbestos 
card,  which  was  used  to  support  the 


Fig.  8.— Mr.  H.  £.  Jones,  C.E. 

beaker  ;  the  flame  was  i)laying  round 
the  card,  and  Dr.  Welsbach  noticed 
that  tlie  salts  became  luminous.  He 
devised  a  mantle  to  fit  o\er  tlie  Bunsen 
burner,  and  after  hard  A\'ork  his  re- 
searches Avcre  crowned  M'ith  success. 

Each  time  I  have  been  in  tliat  old 
city  A\'atching  the  crowds  of  students 
thronging  its  long  and  narrow  High 
Street,  my  thoughts  have  always 
reverted  to  those  three  great  men — 
Bunsen,  Welsbach,  and  Roscoe. 

It  is  now  nearly  tliirty  years  since 
Welsbach    first    applied    the    Bunsen 
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flame  to  make  heat  supply  Light ;  and 
soon  afterwards  a  gentleman,  hot  from 
the  works  of  Welsbach  hims3]f,  came 
to  the  City  of  London,  and  called  at 
the  Guildhall  with  a  request  to  be 
allowed  to  put  up  what  he  called  a 
"  stocking,"  to  show  what  he  could  do 
at  Is.  3d.  each.  The  "  stocking  "  Avas 
a  very  fragile  affair  ;  and  on  the  day 
after  it  was  fixed  the  author  found 
a  little  heap  of  dust  on  his  blotting-pad. 
That  Avas  the  end  of  the  first  Welsbach 
mantle  he  knew  in  the  City.  How 
things  had  altered  since  that  time  we 
are  all  aware. 

During  the  last  quarter  of  a  century 
the  system  has  spread  so  rapidly  that 
flat -flame  burners  are  getting  quite 
uncommon,  and  we  are  now,  after 
fift^^  years,  able  to  see  Avhat  the  industry 
owes  to  this  simple  discovery — the 
non  -  luminous  flame  :  cookers,  gas 
flres,  gas  boilers,  gas  irons,  industrial 
appliances,  but  by  no  means  the  least, 
incandescent  lighting. 

Popularization  of  Gas  Lighting. 
Still,  in  the  eighties,  gas  was  being 
gradually  displaced  in  the  large  build- 
ings of  the  chief  cities  and  towns,  when 
an  additional  aid  came  to  its  rescue  in 
the  sliape  of  a  meter  specially  designed 
to  fulfil  the  requirements  of  the  working 
classes,  and  known  as  the  automatic 
or  penny-in-the-slot  meter.  This,  to- 
gether with  the  incandescent  mantle 
and  the  increas?d  popularity  of  the 
gas-cooker,  saved  the  situation  for  the 
gas  industry.  Noa\^  was  coming  to 
pass  the  wish  expressed,  nearly  a 
century  ago,  by  Mr.  Accum,  that  the 
dwellings  of  the  working  classes  might 
be  lighted  by  the  ''  new  illuminant," 
for,  strange  as  it  may  seem,  the  gas 
industry  at  this  time  had  not  succeeded 
in  enlisting  among  its  customers,  to 
any  large  extent,  the  small  house- 
holder, the  tenant  of  two  or  three 
rooms,  and  the  large  number  of  in- 
habitants of  blocks  and  artizans' 
dwellings. 

The  workman  preferred  to  burn  oil 
and  to  cook  by  coal,  to  having  to  pay 
a  quarterly  gas  bill,  in  addition  to 
paying  a  deposit  and  signing  an  agree- 
ment at  the  offices  of  the  company, 
which  in  his  case  meant  very  often  a 


long  journey  and  loss  of  time  and 
Avages,  in  addition  to  his  having  to 
undergo  tlie  humiliating  process  of 
practically  standing  on  the  mat,  with 
his  hat  in  his  hand,  outside  the  in- 
spector's room,  for  an  indefinite  period, 
and  then  being  treated  with  scant 
courtesy  Avhen  once  admitted.  Thus, 
Avith  the  elsctric  light  taking  the  richer 
customers,  and  the  cheap  oil  holding 
the  smaller  ones,  in  1892  the  South 
Metropolitan  Gas  Co.  began  to  turn 
their  attention  to  new  ground.  Very 
fcAV  weekly  tenants  used  gas  ;  so  that 
it  could  be  taken  as  fairly  correct  to 
say  that  gas  was  practically  unknown 
in  the  dwellings  of  the  working  classes. 
They  Avould  never,  in  addition  to  the 
reasons  already  given,  incur  the  cost  of 
putting  in  gas-fittings  and  pipes.  Sir 
George  Livesey,  in  his  statement  on 
slot-meters  handed  in  to  the  House 
of  Commons'  Committee  in  1899,  said  : 
"  This  difficulty  might  have  been  over- 
come by  monthly  collections,  if  the 
demand  had  arisen,  and  the  question 
of  fittmgs  could  have  been  dealt  Avith." 

Penny-in-the-Slot  Meters. 

It    is    AVell    to    remember    that  slot- 
meters  were  first  introduced  into  the 
Metropofis  in  1888  by  the  South  Metro- 
politan   Co.    in    a   small   Avay.      There 
seemed  but  little  chance  of  their  coming 
into    general   use,    so    that   they   were 
droj)ped.     Later  on,  in  1892,  it  became 
knoAvn  that  the  Liverpool  Gas  Co.  had 
taken  them  up,  and  made  them  "  go." 
The     meter    Avas     introduced    to    the 
manager  of  the  Liverpool  Co.,  and  he 
said,  '■  I  will  try  it."     He  ordered  500  ; 
and  the  thing  "  Avent  like  Avildfire,"  and 
in  a  fcAv  months  tliey  had  orders  for 
8,000.     '"  This  fact,"  to  use  the  words 
of  the  Chairman,  "  induced  the  South 
Metropolitan  Co.  to  go  into  the  matter 
in  earnest  "  ;    and,  before  the  end  of 
the  year,  they  had  439  fixed.     By  the 
end  of  1893  the  number  Avas  6,166,  and 
during  the  next  year  the  total  reached 
the  I'espectable  number  of  25,516  ;    and 
in    1898,    80,115.     It    was    seen    that 
these    meters   had    "  come    to    stay "  ; 
"  it    Avas    sufficient,"  said    Sir    George 
Livesey,    "  to    turn    the    scale    in    the 
annual  output,    and   prevent   any  de- 
crease."    "  We  adopted  the  system  of 
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canvassing,"  said  the  South  Metro - 
pohtan  Chairman,  "  giving  all  our 
employees  the  option  of  doing  this  ; 
and  a  certain  bonus  was  given  for  each 
consumer  they  brought  to  the  Com- 
pany ;  we  made  no  distinction — some 
Avere  lamplighters,  some  index-takers, 
some  gasfitters,  and  som3  labourers." 
A  keen  spirit  of  rivalry  was  sat  up 
among  the  workmen  to  go  out  and 
fet^h  would-b3  consumers  in.  To  give 
an  idea  of  the  gL'owth  of  this  business, 
Bristol  might  be  cited  as  having,  in 
1902, twenty  "coin-freed  "  met3rs ;  whib 
the  number  they  had  out  in  1906  Avas 
16,157.  The  large  cookers  for  ordinary 
consumers  were  also  becoming  much 
sought  aft3r  ;  and  builders^  in  erecting 
new  hous3S,  made  provision  for  fixing 
them.  In  1906,  to  mention  only  two 
instances,  the  Soutli  Metropolitan  Co. 
had  no  less  than  267,000  gas  cookers 
and  fires  of  all  kinds  in  us3  ;  wliib  the 
Gaslight  &  Coke  Co.  issued  during  the 
same  pariod  110,000  additional  cookers, 
giving  them  a  net  increas3  for  that 
3^ear  of  57,000  on  this  class  of  goods. 
To  regulate  the  price  of  gas  to  consumers 
using  prepavment  meters.  Parliament, 
i  1  1900,  fixed  it  at  lOd.  psr  1,000  cubic 
f3et  above  the  ordiaary  prioe,  to  cover 
cost  of  fitting  and  hire. 

Smoke  Abatement. 

Thus,  with  the  "Gas  Cooker,"  the 
"  Gas  Fire,"  the  ""  Penny-in-the-Slot 
Stove  and  Ring,"  and  cheap  coke  for 
domestic  fuel,  the  fog  problem  seemed 
to  be  in  a  fair  way  to  be  settled  in  large 
cities  and  areas  of  dense  population, 
for  the  workman  now  cooked  his  break- 
fast on  the  gas  ring,  and  hundreds  of 
thousands  of  domestic  chimneys,  the 
greatest  of  all  offenders  in  polluting  the 
atmosphere,  Avere  noAV  smokeless  in  the 
early  morning. 

But  another  factor  in  allaying  this 
nuisance,  and  at  the  same  time  provid- 
ing a  cheap  fuel  in  small  ({uantitics 
for  the  poor  people,  came  into  opera- 
tion, viz.,  "  Paper  Bag  Coke."  Dr. 
Carpenter  informs  me  that  it  "'  origi- 
nated about  the  same  time  in  Germany 
and  America,  and  was  first  sold  in  this 
country  in  A^ery  small  quantities  to  the 
poor  in  1008  by  the  Tottenham  & 
Edmonton  Gas  Co."     Mr.  A.  E.  13road- 


berry,  the  engineer  and  manager  of 
that  Company,  has  kindly  given  me 
the  folloAving  information  :  ""  The  first 
I  kncAV  of  it  Avas  that  Sir  Corbet  Woodall 
started  it  at  the  Gaslight  &  Coke  Co., 
under  the  impression  that  it  Avould  be 
just  the  thing  required  for  occupiers  of 
flats.  The  28  lb.  bag  of  coke  Avas  the 
right  size  for  the  little  goods'  lifts 
installed  in  most  of  these  buildings, 
and  being  a  much  cleaner  fuel  than  coal, 
he  anticipated  that  there  Avould  be  a 
good  demand.  We  liaA^e  practically 
no  fiats  in  our  district,  but  it  seemed  to 
me  that  a  good  trade  might  be  done  in 
coke  packed  in  this  Avay  by  means  of 
greengrocers,  oilshops,  &c.,  and  I  there- 
fore arranged  to  sell  to  shopkeepers  in 
quantities  of  not  less  than  12  bags  at 
Avholesale  prices,  giving  tliem  a  penny 
per  bag  profit." 

It  Avould  be  incorrect  not  to  mention 
the  great  gas  inquiry  held  in  1899  by 
Parliament,  in  ansAver  to  the  agitations 
all  over  the  Northern  Metropolis  in 
favour  of  cheaper  gas.  The  inquiry 
continued  during  the  Avhole  length  of 
the  session  ;  and  the  findings  of  the 
Committee  foreshadoAved  a  reduction 
in  the  standard  price,  a  loAvering 
of  the  candle-poAver,  and  a  restric- 
tion of  future  capital  poAvers  Avhen 
any  of  the  companies  came  to  Parlia- 
ment. These  effects  Avere  made  opera- 
tive upon  the  South  Metropolitan  Co. 
in  1900,  the  Commercial  Co.  in  1902, 
and  the  Gaslight  &  Coke  Co.  in  1903. 
Tlie  illuminating  poAver  of  the  first  tAVO 
companies  Avas  reduced  from  16  to  14 
candles  ;  and  the  standard  price  and 
the  statutory  dividend  of  all  the  com- 
panies Avere  loA\ered. 

Passing  to  another  subject  of  great 
importance  that  took  place  about  this 
time,  viz.,  the  legislation  Avith  regard 
to  sulphur  compounds,  Avhich  freed  the 
gas  industry  from  harsh  restrictions 
that  barred  its  advancement,  it  is  of 
interest  to  note  the  effect  of  sucli 
freedom  upon  the  Gaslight  &  Coke  Co., 
Avhose  '-Avorks'  cost"  for  1906 had  been 
reduced  by  some  £14,000  in  purifica- 
tion. This  service,  rendered  to  the 
gas  industry  by  Sir  CJeorge  Livcscy, 
caused  Mr.  Charles  Hunt  to  speak  of 
the  author  of  this  legislative  enactment 
in  tlie  following  words  :    "  The  mdomit- 
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able  pluck,  perseverance,  and  tactical 
skill  with  which  he  fought  the  fight  to 

a  finish But  for  him,  it  is  impossible 

to  say  how  much  longer  the  industry 
would  have  had  to  labour  under  the 
double  disadvantage  of  compulsory 
lime  purification  and  high  illuminatmg 
poM'er.  But  for  him,  our  progress  must 
have  been  halting  and  unsatisfactory. 
It  matters  not  that  the  battle  fought 
was  that  of  tlie  London  Gas  Companies, 
the  victory  remains  with  the  gas 
industry  as  a  whole.  A  momentous 
step  forward  has  been  accomplished  ; 
and  the  gas  manager  may  henceforth 
devote  his  time  and  energies  to  more 
profitable  use  than  watchmg  for  fluctua- 
tions of  a  few  grains  of  sulphur  com- 
pounds, or  for  rushlight  clianges  of 
candle  power."  A  Avorthy  tribute  to 
one  who,  from  the  year  1848,  had 
devoted  himself  to  the  benefit  and 
advancement  of  the  gas  industry  of 
the  United  Kingdom. 

This  history  of  gas  lighting  would  be 
incomplete  were  reference  not  made  to 
the  great  strike  at  the  South  Metro- 
politan Gas  Works  in  1888,  the  threat 
of  the  gas  stokers  at  this  period  to 
plunge  London  in  darkness,  and  the 
introduction  of  the  co-partnership 
scheme.  The  story  of  that  great 
struggle  is  fresh  in  the  memory  of  most 
men — how  the  brothers  George  and 
Frank  Livesey  withstood  the  demands 
of  the  strikers,  and  carried  on  the 
business. 

As  to  Sir  George's  great  work  for  the 
gas  industrj^,  it  was  my  privilege 
recently  to  refer  to  this  in  the  course  of 
a  short  resume  of  the  chief  events  in 
the  hundred  years  of  gas  lightmg.  Let 
me  repeat  a  few  remarks  made  on  that 
occasion  : — 

''In  compilmg  this  history,  I  have 
in  no  wise  gone  out  of  my  way  to 
introduce  the  name  of  Sir  George 
Livesey  ;  but  in  my  research  the  name 
so  continually  cropped  up  during  the 
last  forty  or  fifty  years  of  the  gas 
industry,  that  I  was  compelled  to  insert 
it  as  frequently  as  I  did.  The  only 
compunction  I  have  is  in  having  done 
so  little  justice  to  one  who,  by  his 
intelhgence,  foresight,  tact,  and  deter- 
mination, has  done  so  much  to  raise 
the  industry  to  its  present  proud  posi- 


tion, and  whose  name  will  rank  with 
that  of  Clegg,  the  great  gas  engineer  of 
the  first  forty  or  fifty  years,  who,  by 
his  inventive  faculty  and  indomitable 
courage,  lifted  the  industrj^  from  the 
rut  in  which  it  had  found  itself  in  those 
early  days."  I  desire  also  to  put  on 
record  the  encouragement  I  received 
from  him,  when,  in  1903,  with  a  few 
others,  I  was  endeavouring  to  form  the 
Southern  Junior  District  Association. 

I  well  remember  the  dark  eighties, 
when  Sir  George  called  upon  his  fellows 
to  follow  him  into  new  paths  ;  and  if 
asked  whether  he  was  successful  in  the 
great  task  to  which  he  then  put  his 
hand,  Avould  point  to  the  hundreds 
of  representative  men  who  attended, 
uninvited,  his  funeral  at  Nunhead,  but 
more  especially  to  the  great  and  solemn 
procession  of  7,000  of  his  work- 
men, who  silently  followed  to  his 
last  resting-place  the  one  who  had 
enriched  them  in  a  far  higher  than 
financial  sense — namely,  by  his  personal 
contact  with  them. 

Statistics  of  Progress. 

The  literature  pertaining  to  the 
industry  has  been  both  prolific  and 
exhaustive  ;  there  is  no  need  for  me 
to  mention  them,  as  they  have  been 
set  out  by  Mr.  F.  Southwell  CriT»ps, 
C.E.,  in  his  '  Earliest  Works  on  Gas 
Lightmg,  1907,'  m  the  '  Hundred  Yeais 
of  Gas  Enterprise  '  (by  Mr.  T.  New- 
bigging,  C.E.,  1901),  and  by  Mr. 
Charles  Hunt,  C.E.,  in  his  '  History  of 
the  Introduction  of  Gas  Lighting,'  1907. 

In  1881,  Robert  Louis  Stevenson, 
writing  from  Davos  Platz,  included  "  A 
Plea  for  Gas  Lamps,"  in  which  he 
makes  the  children  say,  "  God  bless  the 
Lamplighter."  ^^ 

It  would  not  be  right  to  pass  over 
in  silence  the  work  of  the  technical 
press  : — the  Journal  of  Gas  Lighting, 
the  Gas  World,  the  Gas  Engineers' 
Magazine,  and  othciS,  that,  by  their 
exhaustive  contributions  have  added  so 
much  to  Gas  Works  Technology. 

Earlier  in  this  lecture  we  dealt  some- 
what fully  with  the  causes  leading  to  a 
diminution  in  the  price  of  gas. 

1!)  "VirghiibusPuerigque,"  1907,  p.  187  (Cljatto 
&  Windus,  London). 


CENTENARY   OF   GAS   LIGHTING. 


203 


A  word  might  be  said  here  as  to  the 
new  development  on  the  administra- 
tive side  of  the  undertaking  that  is 
now  going  on,  both  inside  and  outside 
the  Board  Room,  with  the  result  that 
old  prejudices  against  the  industry  are 
dying.  The  old  titles  "Gas  Man,"  "The 
Man  with  the  Shovel,"  no  longer 
hold.  The  gas  representative  is  no 
longer  "the  man  with  the  shovel," 
nor''  does  the  old  "  rule  of  thumb  " 
practice  prevail;  there  is  no  longer 
any  "  muddling  through." 

For  gas  engineers  and  leaders 
in  the  industry  the  best  men  only 
are  required.  A  University  educa- 
tion in  scientific  research  is  not  un- 
befitting, as  shown  by  the  Scientific 
University  of  Leeds  lately  conferring 
its  degree  of  D.Sc.  on  Sir  Corbet 
Woodall  and  Mr.  Charles  Carpenter. 
In  fact,  the  industry  claims  the  best ; 
wliilst  with  regard  to  the  rank  and 
file,  "  Fittings  Departments,"  "  Sales 
Departments,"  "  Pubhcity  Depart- 
ments," "  Special  Experts  and  Ad- 
visors," "Lady  Demonstrators,"  "A 
Nesv  Order  of  Inspectors,"  "  Revival  of 
the  Apprenticeship  System  for  Lads," 
"  Practical  Training  Classes  for  Me- 
chanics," and  better  education  for 
workmen  generally  inside  the  works, 
are  all  steps  in  the  right  direction. 

The  Institution  also  stands  on  a 
higher  plane  than  ever.  Commercial 
sections  are  springing  up,  the  Associa- 
tion of  British  Gas  Industries  has  been 
fonned,  whilst  the  Avork  of  the  district 
associations  and  the  junior  societies 
tends  to  the  enlightenment  and  ad- 
vancement of  its  members.  Before 
leaving  this  subject  I  would  like,  if 
not  presuming,  to  say  there  is  every 
incentive  for  the  leaders  of  the  gas 
industry,  whether  of  mutiicipally  con- 
trolled or  privately  owned  concerns,  to 
cheapen  the  price  and  remove  any 
restrictions  as  to  supply;  and  all — co- 
partners, shareholders,  and  directors, 
from  the  man  on  the  district  to  the 
chairman  at  the  board — are,  I  believe, 
working  together  to-day  in  the  interest 
of  tlie  consumer,  to  afford  liim  a  cheap 
and  unrestricted  supply  of  light,  licat, 
and  power  to  enable  liim  to  carry  on 
his  intlustrial  pursuits,  heat  his  dwel- 
ling   and    public    buildings,    cook    his 


meals,   and    light    his    home   and    his 

streets. 

The  following  table  gives  the  price  of 
gas  in  London  from  182.3  to  July  1, 
1913.  Previous  to  1823,  a  considerable 
portion  was  sold  by  "rental." 

Table  of  Prices  Charged  for  London  Gas 
FROM  1823  TO  July  1,  1913. 


1  Price 

I    per 

Datei    1000 

'   Cul). 


ft 

A 

1823 

15 

0 

1824 

lo 

0 

182o 

15 

0 

1826 

15 

0 

1827 

15 

0 

182-j 

13 

6 

1829 

13 

6 

1830 

13 

6 

1831 

12 

6 

18i3 

12 

H 

1833 

11 

3 

1H.34 

10 

0 

1835 

10 

0 

1836 

9 

6 

]8<7 

9 

0 

1838 

9 

0 

1839 

9 

0 

1840 

9 

0 

1841 

9 

0 

1842 

9 

0 

1843 

8 

0 

1844 

7 

6 

184.=. 

7 

0 

1846 

7 

0 

1847 

6 

6 

1848 

6 

0 

1849 

5 

6 

1850 

4 

0 

1851 

4 

0 

1852 

4 

0 

1853 

4 

0 

1854 

4 

0 

18.55 

4 

0 

DaU 


185'? 

1857 
1858 
1859 
18f0 
1861 

186? 
18  ;4 
1865 
1866 
1867 
1868' 
1869 
l'<70 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 

1882  I 

1883  i 
1881 
1885  i 
18  S6 
1887 
1838 


Pric 
per  1000 
Cub.  ft. 


4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

3  3 
3  3 
3  2 
3  1 
3  0 
3  0 
3  0 
3  0 
3    6t 


2  10 
2  10 
2  10 


6 

5J  aver. 

5 


Date. 


1889 
1890 
1891 
1893 
1893 
1894 
18';>5 
1896 
18H7 


-{ 


1902 
1903 

1904   I 

1905 

1906 
Jan.  1/ 

1907    I, 
Julv  1 1 

1907    I, 

1908 

1909 

1910 

1911 

1912 

1913 


Pricfi  ppr 

1000  Cub. 

ft. 


2     3 
2    3 
2     3} 
2    6 

2    5  J  aver. 
4i     ,. 


Whilst  the  Wandsworth  and  Putney  Co.  are  charging 
Is.  9i.  per  1,000  ft. 

*  From  18GS  the  .South  Metropolitan  Conipain'.-i 
prices  are  quoted,  theirs  being  the  lowest. 

f  Average  for  the  year,  3s.  Oi. 

A.  Previous  to  1840  a  "  rental "  charge  per  burner 
was  made. 

The  Future. 
There  have  not  been  wanting  critics 
— honest  doubtless — ^who  have  been 
ready  any  time  during  the  last  thirty 
years  to  predict  the  decay  of  the  gas 
industry.  Needless  to  say,  the  critics 
have  had  some  reason  for  their  views, 
but  the  assertion  that  gas  has  become 
a  necessity  of  life  is  now  admitted.  Tlic 
residual  products  have  become  indis- 
pensable to  the  carrying  on  of  many 
other  important  industries.  Nothing 
is  more  remarkable  than  tlie  rise  of  the 
vast  industries,  emplo^'ing  a  multitude 
of  workers,  called  into  existence  during 
the  last  half  century  in  the  jiroduction 
of  apparatus  for  the  manufacture,  dis- 
tribution,   and   utilization   of    gas    for 
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lighting,  heating,  cooking  &c.,  glass- 
ware, iron  and  brass  ware,  and  other 
trades,  all  benefiting. 

So  great  are  the  ramifications  of  the 
industry,  so  deep  do\\n  have  its  roots 
gone  into  the  community,  that  what 
with  the  alhed  trades  and  the  great 
chemical  industry,  the  result  of  deplet- 
ing the  industr}'  would  mean  the  ruin 
of  many  trades  in  the  country  and  a 
general  chsturbance  of  its  economic 
conditions.  There  is  room  for  elec- 
tricity and  gas  :  both  are  here,  and  to 
stay. 

In  spite  of  the  growth  of  electricity, 
more  gas  is  used  to-day  than  at  any 
time  in  the  history  of  the  industry, 
and  in  the  table  below  I  have  suiii- 
marized  from  the  Gas  World  Year  Book 
for  1913  some  statistics  that  give  some 
idea  of  the  dimensions  to  which  it  has 
grown. 


figures     are,     of     course,     enormously 
greater. 

This  history  throughout  has  been 
but  a  chronicle  of  facts,  and  in  no  way 
reflects  the  opinions  of  the  writer,  who, 
however,  takes  thij  opportunity  of 
stating  his  belief  that — given  cheap 
gas  supplied  at  a  higher  pressure  than 
formerly,  of  a  low  illuminating  power, 
and  of  high  calorific  value  to  meet 
the  altered  circumstances — there  is  no 
finality  for  the  piu'poses  and  uses  for 
\\  hicli  gas  can  be  employed  during  the 
coming  century. 

What  the  future  holds  in  its  hands 
for  the  gas  industry  is  beyond  human 
ken,  especially  in  vieAv  of  the  many 
scientific  achievements  of  the  last  two 
decades.  It  is  hard  to  say  which  is 
the  more  interesting  at  the  present 
moment — to  look  back  on  the  develop- 


Vo  ofG;if 

t..kii.gs. 

1.620 

A.  „ual  Make.         rolt^,t,.. 

No  of  SItt 
M.teis. 

No  <.f 
(  ookelS 

P.iUic  I.niniF. 

ill  thM  li.it.  .1 
Kingd'iii  HI..I 
Jrilai.d,  1913 

Tot.l. 

Kitted  Willi 
liic.ir- 
deccei.t 
Luniuis. 

Dhily  Cap:. city 

uf  Water  Clas 

J  1:  ut. 

*Total 

210.499,343  000         7,143,748 

3,541,925 

3.223,642 

769,2  JO 

676,320 

243,865,000 

'Uas  World  Year  Book,  1913.' 


One  remarkable  evidence  of  the  con- 
tinued growth  of  the  industry  in  the 
United  Kingdom  is  given  by  Mr.  T. 
Newbigging  in  his  work,  i.e.,  "  Not- 
withstanding competition  by  other  illu- 
minants,  the  consrumption  of  gas 
throughout  the  country  has  doubled  in 
the  last  17  years  (1901).  This  is  at 
the  compound  rate  of  4|  per  cent  per 
annum." 

Whilst  turning  to  the  Metropolis,  I 
find,  on  looking  up  for  "  record  day 
outputs,"  that  the  Gas  Light  and  Coke 
Co.,  on  Dec.  22nd,  1890  (when  every- 
body was  using  gas  and  it  was  the 
illuminant  for  the  public  lighting),  .sent 
out  125,721,000  cubic  ft.  On  Dec.  22nd, 
1891,  the  figure  was  128,207,000,  whilst 
on  Dec.  15th,  1899,  the  amount  sent 
out  was  130,829,000.  At  this  time 
electricity  was  in  fairly  good  swing. 
This  w  as  before  the  Companj'  amalga- 
mated with  the  West  Ham,"^  Barking, 
and    Chigwell    companies ;   to-day  the 


ments  of  past  years  or  to  speculate  on 
the  possibilities  of  years  to  come. 

Truly  the  difference  between  age  and 
youth  is  that  the  former  is  prone  to 
grow  reminiscent  and  point  to  the 
years  gone  by,  whilst  3^outh,  ever 
looking  towards  the  dawn,  sees  the 
advancing  years  full  with  possibilities  ; 
and  as  there  are  so  niany  n.embers  of 
the  junior  associations  here  present  to- 
night, I  would,  in  closing  this  portion 
of  my  discourse,  use  the  stirring  words  of 
that  great  veteran,  Mr.  Thomas  New- 
bigging :— 

"  A  new  century  has  dawned  upon 
us.  What  gifts  has  the  twentieth  cen- 
tury in  store  for  the  gas  profession  ? 
Only  such  gifts  as  the  n.embers  of  the 
profession  will  for  themselves  and  their 

art.     No  more  ;    no  less  ! There 

are  rich  crops  awaiting  the  cunning 
hand  of  the  husbandir.an,  and  they 
will  spring  to  life  at  the  touch  of  the 
coming  genius." 
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PART  II. 

Use  of  Gas  as  an  Illuminant. 
Mankind  has  ahvays  divided  the 
day  as  between  hght  and  darkness. 
Before  artificial  hght  was  in  general 
use  the  public  streets  were  emptied 
and,  as  nightfall  approached,  men 
betook  themselves  to  their  houses  for 
rest,  safety,  and  sleep.  Beckmann,  in 
his  work  on  'Inventions,'^  says:  "The 
lighting  of  streets,  whilst  it  greatly 
contributes  to  ornament  our  principal 
cities,  adds  considerably  also  to  the  con- 
venience and  security  of  its  inhabi- 
tants. But  of  whatever  benefit  it  may 
be,  it  is  generally  considered  as  a 
modern  invention." 

M.  St.  Evremond  says  :  "  The  light- 
ing of  the  streets  of  Paris  during  the 
night  by  a  multitude  of  lamps  deserve 
that  the  most  distant  Nations  should 
go  and  see  what  tlie  Romans  and 
Greeks  never  thought  of."  "  This 
opinion,"  says  Beckmann,  "  appears  to 
be  well  founded,  for  I  have  never  yet 
met  with  any  information  wliich  proves 
that  the  streets  of  Rome  were  lighted." 
This  would  account,  no  doubt,  for  the 
large  use  of  flambeaux  and  lanterns 
necessary  for  the  use  of  the  Romans 
on  their  return  from  their  nocturnal 
visits.  Whoever  walked  the  streets 
of  Rome  at  night  without  a  lantern 
was  in  great  danger^  like  Alexis  in 
Athenaeus. 

Meursius  endeavoured  to  make  it 
appear  that  the  streets  of  Rome  were 
hghted,  and  in  support  of  this  view 
quoted  Ammianus  Marcellinus,  and  the 
Life  of  Julius  CiBsar  in  Suetonius.^  That 
Naples  was  not  lighted  appears  from 
a  return  in  the  night-time,  mentioned 
by  Petronius.^  Circumstances  related 
by  ancient  authors  make  it  probable 
that  Antioch,  Rome,  and  a  few  other 
cities  had  lanterns  in  those  streets  most 
frequented,  for  does  not  Libanius  in 
the  fourtli  centur\,  when  singing  the 
praises  of  his  native  city,  Antioch"' 
mention  tliat  the  ropes  from  which  the 
"  centrally    hung    lamps "    were    sus- 

1  '  History  of  Inventions,'  Beckmann,  vol.  ii. 
Translated  by  Wm  Johnston  (18-4()),  p.  172. 

2  Athen.  lieipn.  vi.,  8,  p.  236. 

3  Joh.  Meursii  Opera,  Florent,  174"),  f.  v., 
p.  6Xy. 

4  Pet.  Cap.  Ixxxix. 

5  Libanii  Opera  Lutet  1627,  f.  ii ,  p.  387. 


pended  were  cut  by  some  riotous 
soldiers  not  far  from  a  bath — "  to  a 
bath  not  far  off  they  cut  with  their 
swords  the  ropes  from  which  were 
suspended  the  lamps  that  offered  light 
in  the  night  time  " — indicating  that 
lamps  Ave  re  suspended  near  baths  and 
places  of  general  resort.  The  following 
passage  from  Jerome  seems  to  make 
it  certain  that,  at  Antioch,  the  streets 
were  lighted.  For  in  the  altercation 
between  a  Luciferan  and  an  Orthodox, 
he  relates  that  an  adlierent  of  the 
schismatic  Lucifer  disputed  in  the 
streets  with  a  true  believer  until  the 
streets  were  lighted. 

In  Dominicus  Vallarsius  we  have  a 
short  dissertation  on  the  time  when  this 
unmannerly  dispute  took  place ;  the 
author  gives  it  as  taking  j)lace  at 
Antioch  in  the  year  378." 


Fig.  9. — Roman  oil  lamp  (domestic). 

Basilius  the  Great  in  a  letter  to 
Martinianus  speaks  of  the  miserable 
state  of  his  native  city,  Csesarea  in 
Cappodocia,  and  says :  "  They  had 
nights  without  lights  {Nodes  non  illus- 
trata)  "  ;   in  the  year  371. 

Of  modern  cities,  "  Paris,  as  far  as 
I  have  been  able  to  learn,"  saj's  Beck- 
mann, ''  was  the  first  that  followed  the 
Ancients  by  lighting  its  streets."  But, 
then,  this  city,  at  the  beginning  of 
the  sixteenth  century,  was  so  infested 
with  robbers  and  incendaries  that  the 
inliabitants  were  ordered  to  keep  lights 
burning  before  the  windows  of  all  the 
houses  which  fronted  the  street.  The 
order  was  issued  in  1524,  and  renewed 
in  1526  and  1553  ;"'  but  in  October, 
1558  jalots  were  erected  at  the  corners 
of  the  streets,  or  if  the  street  Mas 
long,  then  also  in  tlic  centre  of  them. 
A  falot  svas  a  large  vase  filled  with  pitch, 
rosin,  or  otlier  com])ustibles,  employed 
in  the  King's  Palace  and  houses  of  prmces 


6  Beckmann,  vol.  ii.  !>.  M^. 
6a  Historic  do  la  ville  dc  I'aii!;,  Felibien   Paris 
1725,  ')  vol?,  folio.    See  vol.  ii.,  pp.  y.jl-77. 
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to  light  their  courts.'  At  that  psriod 
there  were  in  Paris  912  streets,  and 
it  is  computed  that  the  number  of 
lights  used  was  about  2,736.  In  Novem- 
ber this  year  the  falots  were  changed 
for  lanterns.  In  March,  1662,  the 
Abbe  Laudati,  an  Italian  of  the  Caraffa 
family,  conceived  the  idea  of  letting 
out  torches  and  lanterns  for  hire,  and 
obtained  the  exclusive  privilege  for 
twenty  years,  and  undertook  to  erect 
at  certain  places  in  addition  to  Paris, 
booths  or  posts  where  persons  might 
hire  a  lantern  or  link,  or  for  a  certain 
sum  be  attended  through  the  streets 
by  a  man  bearing  a  light,  at  so  much 
per  hour  by  a  time-rate,  and,  to  pre- 
vent disputes,  an  hour-glass  was  carried 
with  each  lantern.  (An  early  record 
of  a  cautious  lighting  contractor.) 


"  WaU'/iman — what  of  the  night?" 
Fig.  9a. — One  of  the  old  time  watchmen. 
(From  "  Sermons  in  Candles.") 

In  1667  the  lighting  of  Paris  was 
put  on  a  proper  footing,  and  served  as 
a  pattern  to  most  of  tlie  otlier  cities  of 
Europe.  In  1766  a  journeyman  glazier, 
named  Goujon,  received  a  premium  of 
200  livrcs,  and  Messrs.  Bailly,  Le 
Roy,  and  Bourgeois  de  Chateaublanc 
2,000  livres,  for  discovering  the  most 
ad\  antageous  means  of  improving  the 
lighting  of  the  streets. 

7  CJrand  vocabularie  de  Francois. 


"  In  a  small  work  entitled  an  '  Essay 
on  Lanterns,'^  written  by  a  Society  of 
Literary  men,  there  is  some  useful 
information  respecting  the  lighting  of 
streets,  and  we  are  told  the  reverberat- 
ing lamps  (in  Paris)  were  invented  by 
an  Abbe  P.,  who  therefore  [says  the 
author  humorously]  is  the  Second 
Abbe  who  can  boast  of  having  en- 
lightened the  first  City  in  the  world."** 
"  The  superiority  of  these  lamps  cannot 
be  denied  [says  the  author]  ;  but, 
beside  the  expense  they  are  attended 
with  this  disadvantage  when  they 
hang  over  the  middle  of  the  street, 
that  they  throw  a  shadow  over  it,  so 
that  one  cannot  be  known  to  those  that 
pass.  In  Cities  also,  where  people 
walk  principally  in  the  middle  of  the 
street,  or  where  the  streets  are 
broad,  they  are  not  very  convenient, 
and  they  occasion  a  stoppage  when  it  is 
necessary  to  clean  them." 

This  is  another  early  reference  to 
"  centrally  hung  lamps,"  but  it  is 
evident  they  had  not  clear  globes  at 
the  bottom,  and  certainly  they  had  no 
'•  lowering  gear." 

In  1771  the  number  of  street  lamps 
was  said  to  be  6,232. 

In  1777  the  road  between  Paris  and 
Versailles,  which  is  about  9  miles  in 
length,  was  lighted.  The  city  of  Nantes 
Avas  lighted  the  same  year,  and  in  1780 
liad  500  lamps.  Strasburg  began  to 
be  lighted  in  1779  ;  Birmingham  in 
1733,  with  700  lamps.  I  do  not  know 
of  any  records  proving  that  the  Romans, 
during  their  occupation,  ever  lighted 
the  streets  of  London.  The  finds  of 
Roman  and  Roman-British  remains 
during  modem  excavations  have  been 
very  numerous  and  very  rich,  especially 
in  lamps,  as  evinced  by  the  very 
beautiful  collection  in  the  Guildliall 
Museum,  but  they  are  all  of  the 
domestic  type  of  earthenware.  If 
what  Maitland^"  says  is  true,  that 
in  tlie  year  1414  an  order  was  issued 
for  hanging  out  lamps,  and  if  that 
regulation  was  continued,  then  must 
it  be  allowed  that  London  preceded 
Paris      in      this      matter.        Maitland 

8  '  Essai  sur  les  Lanternes,'  A.  Dole,  1775. 

9  Street  Lighting,  Beekmann's  '  History  of 
Inventions,'  1846,  vol.  ii.,  p.  177. 

10  '  History  of  London  '  (London),  1756,  2  vo's., 
fol'o  i.  p.  186. 
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refers  for  his  authority  to  Stow's 
'  Survey  of  London,'  but  in  the 
1633  edition  is  found  only  the  follow- 
ing information  :  "1417.  Mayor — Sir 
Henry  Barton,  Skinner.  This  Henry 
Barton  ordained  Lanthoms  with  lights 
to  bee  hanged  out  on  tlie  winter 
evenings,  betwixt  Hallontide"  and 
Candlemasse."  Nothing  more  occurs 
in  the  edition  by  Stryi3e  in  1720. 

In  1668,  following  the  Great  Fire, 
several  regulations  were  made  by  the 
City  for  improving  the  streets,  under 
the  direction  of  Sir  Christopher  Wren  ; 
and  Londoners  were  reminded  that  they 
should  '  •  hang  out  tlieir  lamps  duly  at 
the  accustomed  time.'"" 

In  1690  this  order  was  renewed,  and 
every  housekeej)er  was  required  to 
hang  out  a  lamp  every  night,  as  soon  as 
it  was  dark,  between  Michaelmas  and 
Lady  Day,  and  keep  it  burning  until 
12  o'clock  at  night.  In  1716  the  Court 
of  Common  Council  ordained  that  all 
housekeepers  whose  houses  fronted  any 
street,  lane,  or  public  passage  should 
on  ever}''  night,  according  to  the  moon, 
hang  out  one  or  more  lights  from  6  to 
10  P.M.,  under  penalty  of  one  shilling. 
"  All  these  regulations,  however,  seemed 
to  have  been  ineffectual,  owing  to  bad 
management.  The  City  was  lighted 
by  contract,  the  contractors  paying 
annually  to  the  Corporation  the  sum 
of  £600."^"'^  The  contractors  only  re- 
ceived 65.  from  each  housekeeper  whose 
rent  exceeded  £10,  and  any  person  who 
hung  out  his  own  lamp  was  exempt 
from  paying  towards  the  public  lamps. 
As  the  streets  were  only  lighted  117 
nights  a  year  great  opportunity  was 
given  to  thieves  to  commit  depreda- 
tions ;  therefore  the  Lord  Mayor  and 
Commonalty  judged  it  proper  to  apply 
to  Parliament  in  1736  for  power  to 
enable  them  to  better  light  the  streets 
of  the  City.  The  Act  gave  the  Cor- 
poration power  to  erect  such  glass 
lamps  as  they  thought  proper,  and  to 
keep  them  alight  from  sunset  to  sumise 
through  the  year ;  the  number  of 
lamps  was  increased  to  4,679,  but  as 
they    were    not    sufficient,    several    of 

11  Halloween. 

12  Noorthouck's  'History  of  London'  (London), 
1773,  Ito,  p.  223. 

12a  Beckmann,  vol.  ii.,  p.  178. 


the  wards  made  a  considerable  aug- 
mentation, bringing  up  the  number  to 
5,000  in  the  City  and  its  hberties. 
Maitland,  the  historian,  reckoned  that 
this  was  only  a  fifth  of  the  area  of  the 
Metropolis  ;  that  there  were  at  least 
15,000  lamps  in  use  in  the  capital. 

In  1774,  owing  to  the  great  number 
of  robberies,  it  was  found  necessary  to 
apply  for  another  Act  of  Parliament 
to  regulate  and  still  further  light  the 
City.  The  lamps  of  London,  in  1786, 
were  all  of  crystal  glass,  each  furnished 
with  three  wicks  fixed  to  posts,  and 
systematically  spaced.  At  this  period 
Oxford  Street  was  said  to  have  more 
lamps  than  all  Paris,  and,  seen  from 
the  high  groimd  of  the  county  of 
Surrey,  they  were  said  to  "  have  a 
very  beautiful  and  noble  effect." 

The  difficulty  of  getting  the  citizens 
of  London  to  hght  their  portions  of 
the  streets  properly  and  the  trouble 
they  caused  the  Corporation  is  quaintly 
set  out  by  the  Rev.  C.  H.  Spurgeon  in 
a  set  of  lectures  to  his  students^"  : — 

"  Old  records  inform  us  that  the 
Commonalty,  as  expressed  by  the 
elected  representatives,  and  those  who 
elected  them,  were  continually  at 
variance  as  to  the  effectual  lightmg  of 
the  public  streets.  One  edict  was  to 
the  effect  that  every  citizen  should 
exhibit  a  candle  over  his  door.  The 
law  was  obeyed,  but  the  candle  was 
not  lighted.  A  further  regulation,  it  is 
said,  was  made  that  everybody  should 
light  the  candle  by  law  '  exliibited.' 
He  did  so  ;  but  after  it  had  been  lighted, 
the  wind  would  blow  it  out,  and  the 
citizen  saved  his  tallow.  The  regula- 
tion Avas  then  amended,  and  it  was 
decreed  that  all  should  hang  lanterns 
over  their  doors.  Tliis  Avas  quickly 
done  ;  but  as  nothing  was  said  about 
candles,  they  were  left  out.  The  au- 
thorities went  over  the  ground  again, 
and  decided  that  the  lanterns  should 
have  candles  therein.  Once  more  the 
law  was  obej^ed  ;  but  the  candles  were 
not  lighted.  It  was  next  decreed  that 
the  lanterns  should  be  lighted ;  and 
careful  citizens  only  put  m  very  small 
pieces  of  candle  which  soon  burnt  out. 
The  length  of  the  candle  to  be  lighted 

13  '  Sermons  in  Caudles,'  by  C.  H.  Spurgeou, 
London,  1891. 
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was  then  sjiecified  ;  but  the  contro-  committed  with  impunity.  "  Hang  up 
versy  has  never  ceased."  Instead  of  the  thieves,  and  let  honest  men  stay 
baing  fought  around  "  candles,"  it  has    indoors,"  was  the  King's  advice  ;    and 


Fig.  10.— Old  rushlight  holder. 


Fig.  11.— The  burning  cresset  carried  b}' troops 
or  watchmen. 


Fig.  12.— Old  street  lantern. 


Fig.  12a.— Sketch  of  torch  extinguisher. 

waged   around   ''  candle   power,"   witli 

an  intt'nsity  that  makes  the  battles  of  .                             i    -    -i.    • 

tlios3  crucial  days  appear  quite  small  »o  ^^'^^^^  ^^^^  it  carried  out  that  it  is 

things.     8o     badly    were     tlie     public  stated    that   no   fewer    than     "J2,000 

streeti^  lighti'd  in  tlie  days  of   ^  Bluff  l^ersons^ere  hanged  m  his  reign.  ''^ 

King  Hal"  that  highway  robbery  was  Ba  ^Sermons  in  Candles,' Lond.,  1891,  p.  42. 
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In  an  article  by  Mr.  Fred  W.  Burgess 
in  1907,  which  he  illustrates  by  some 
good  specimens  of  burners  and  old 
lamps  in  use  in  old  London,  he  says  : 
"  London  has  been  Hghted  by  almost 
every  form  of  iUuminant  from  candles 
to  ropes  soaked  in  pitch  to  the  glare 
of  the  present  daj'.  It  is  somewhat 
curious  that  there  should  be  no  trust- 
worthy evidence  of  anj'  illumination 
at  night  of  the  cities  of  ancient  Greece 
and  Rome.  Save  on  exceptional 
circumstances  of  public  rejoicing  the 
resources  of  ancient  civilization  seemed 
to  have  exliausted  themselves  at  night- 
fall." The  article  Avas  accompanied 
by  illustrations  of  old  forms  of  rushlight 
holders,''"'  (Fig.  10)  the  burning  cresset 
carried  by  the  watchman  on  his  shoulder 
(Fig.  11);  also  the  early  forms  of  gas 
lamps  introduced  in  London  in  the  earlv 
part  of  last  century,  fixed  on  wooden 
posts  (Fig.  12) ;  and  some  very  ornate 
torch-extinguishers,  still  found  fastened 
to  the  u'on  raiUngs  around  the  West-End 
mansions.     (Fig.  12a.) 

(There  are  three  of  these  old  cressets 
still  in  use  in  the  chapel  of  the  Pyx  in 
Westminster  Abbey.  There  is  also  one 
in  the  Tower  of  London  among  the 
Armoury.) 

In  *  The  Lights  o'  London,'  an  article 
published  in  The  News,  January  18th, 
1907,  we  are  told  that  "  cressets  were 
carried  by  some  of  the  Watch,  and 
wer^  also  used  to  some  extent  as 
stationary  lights.  They  were  vessels 
resembling  cages,  or  iron  caf)S  of  open 
work,  turned  upside  down  and  fixed 
at  the  top  of  a  pole,  which  Avas  provided 
with  projecting  pieces  of  Avood  at  each 
side.  By  these  projections  the  man 
who  trimmed  and  lit  the  light  Avas 
accustomed  to  ascend  and  descend. 
The  light  Avas  obtained  from  com- 
bustibles burning  in  a  liolloAV  pan  at 
the  bottom  of  tlie  cresset,  or  from 
twisted  rope,  making  a  rough  kind  of 
Avick,  soaked  in  a  molted  mixture  of 
pitch,  talloAv,  linseed  oil,  hard  resin, 
and  turpentine."" 

Lighting,  both  for  public  and  for 
private  purposes,  as  revicAved,  has  been, 
and  will  ever  be,  a  highly  controversial 

13b  'Tlic  Lisht.«of  Olil  London,'  by  Fred.  W. 
Burgess  (Tlu  Citu  Press,  London,  Aug.  l(t,  r.>(»7). 

14  The  Xtivs,  Charlts  Murray,  Ludgate 
Square,  London,  1907. 


subject.     In  fact,  it  has  been  so  ever 
since  the  tune  of  the  curfcAV,  or  A\iien 


Fig.  12b.— Old  lantern  and  torch  extinguisher 
in  Berkeley  Square,  London. 


Fig.  li'c— One  of  the  very  earliest  sas  street 
lanterns,  in  a  court  near  Newgate  (London). 
(  Removed  for  the  purpose  of  the  Lecture.) 

the  citizen  Avas  compelled  to  light  that 
portion  of  the  street  Avhich  was  outside 
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his  own  house  by  exhibiting  a  "  Ian- 
thorn  "  over  his  door,  betAveen  the 
hours  of  sunset  and  midnight,  on 
certain  nights  of  the  yea,T,  defined  in 
the  calendar  by  the  Festivals  of  Saints 
whose  natal  days  occurred  in  that 
period  of  the  year,  M'hich  was  of  the 
darkest.  When  a  man  should  go  to  bed, 
and  how  much  he  should  contribute  to 
the  common  weal  in  oil  or  taUow  for 
the  benefit  of  those  whos3  business  or 
pleasure  kept  them  out  of  their  houses 
after  sunset — these  were  matters  which 
in  those  early  daj'S  continually  agitated 
the  pubUc  mind. 

Eaely  Burners. 

From  the  Philosophical  Transactions 
of  1739,  it  appears  that  Dean  Clayton, 
of  Kildare,^^'  had  been  experimenting 
with  coal-gas,  with  a  view  to  saving 
some  of  the  "spirit,"  took  a  receiver, 
and  "putting  a  candle  to  the  pipe  of 
this  vessel  AvhiLst  the  '  spirit '  arose,  it 
caught  flame,  and  continued  burning  at 
the  end  of  the  pipe,  though  you  could 
not  discern  what  fed  the  flame  "  when 
he  blew  out  and  lighted  several  times. 

Murdoch,  when  working  at  Redruth, 
Cornwall,  in  1792,  used  a  bladder 
with  a  pipe  fixed  in  its  neck  terminating 
in  a  small  jet.  He  forced  the  gas  out 
by  keeping  the  bladder  under  his  arm 
and  squeezing  it,  after  the  manner  of 
"'  bagpipes."  He  thus  lighted  lus  way 
home  and  to  his  work,  to  the  terror  of 
the  countrvside. 


1^  in.  in  diameter,  pierced  laterally 
Avith  from  three  to  five  holes  of  about 
one -thirtieth  inch  diameter.  Out  of 
these  flames  issued  in  straight  jets. 
Xaturall}",  the  combustion  was  not 
perfect,  and  it  Avas  also  a  Avasteful 
manner  of  burning  gas.  The  hot-air 
currents  gaA'e  the  upAvard  tendency  to 
the  long,  spikey  flames,  AA'liich  took 
the  shape  of  a  fleiu'-de-lj's,  and  also 
caused  them  to  cuta'c  in  the  form  of  a 
spur  of  a  game-cock.  Tlie  consumption 
of  the  cockspur  Avas  3.t  cubic  feet  per 
hour ;  that  of  the  batsAving  being 
5  cubic  feet.  The  flame  of  the  rat-tail 
burner  consisted  of  a  long,  upAvard 
spike.  The  photograph  of  the  cocks- 
comb and  the  cocksj)ur  burners  here 
reproduced  has  been  lent  b}^  Prof. 
Vivian  B.  LcAves,  aa'Iio  informs  the 
Avriter  that  recently,  AA'hen  in  Ireland, 
he  saAV  rat-tail  burners  still  in  use. 

I  Avas  surprised,  hoAA'e\'er,  Avhen  at 
GlasgOAV  in  1911,  to  find  that  the  City 
Authority  had  o\"er  45,000  rat-tail  jet 
burners  in  use  in  the  closes  and  on  the 
common  stairs  throughout  the  City's 
tenements. 

At  the  beginning  of  the  century, 
AA'hen  gas  Avas  paid  for  by  burner,  not 
much  encouragement  AA^as  given  to 
consume  gas.  Here  is  an  example  of 
the  WandsAvorth  Co.,  I  be  he  ax  : — 
1821. 

No.  1,  Argand,  dusk  till  'J  r.ii 

10    „    

Gas  at  10*.  per  \,(M)  ft.  11    „    

All  night     

If  burnt  on  Sunday  one  sixth  extra  ... 
One  jet  for  hall,  or  passages,  4"  flame 


Fig.  l;^. — EarJj^ '•Cockspur"'  and  "Cockscomb" 
burners. 

The  burners  in  use  Avere  the  cockspm*, 
cockscomb,  batsAving,  rat-tail,  and 
argand.  The  first  named  seemed  to 
have  consisted  of  a  hollow  globe  about 

14a.—  See  also  Traiixactions  of  the  Ro)'al 
Society.  1739.  vol.  xli.  (Paper  by  Dr.  Clayton, 
Dean  of  Kildare). 


£2  10  0 

2  16  0 

3  4  0 

4  8  0 


1  10    0 


And  of  the  Bodmin  Co.*  :— 

- 

Description  of 

From  Dusl 

£tO  — 

Buruer. 

Gas  10«.  per 
1.000  feet. 

9  o'clock. 

10  o'clock. 

11  o'clock. 

No. 

£     s.     d. 

£    .X. 

d. 

£    s.     d. 

1.  Single  Jet 

1     (1    0 

1     4 

0 

1    8     0 

2.  Double  Jet 

1     5     0 

1  10 

0 

1  15     0 

3.  Treble  Jet 

1  12     0 

1  18 

0 

2    4     0 

4.  Batswing 

8  10    0 

3  17 

6 

4    5     0 

5.  Ei£ht-hole 

Argand 

2    2    0 

2    9 

6 

2  17     6 

6.  Twelve-hole 

Argand 

2  15    0 

3    2 

6 

3  10     0 

7.  Sixteen-hole 

Argand 

3  10    0 

3  17 

6 

4    5     0 

One  hour  extra  allowed  on  Saturday  nights. 
*  From  Gas  World,  1907. 
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of  a  mechanical  turn  of  mind,  and  his 
evenings  were  devoted  to  self -improve- 
ment at  the  Mechanics'  Institute. 
Wliile  attending  the  classes  there,  in 
1863,  he  conceived  the  idea  of  improv- 
ing the  old  iron  gas-burner,  so  as  to 
enable  it  to  give  a  better  and  more 
steady  light.  Two  years  later,  when 
he  was  twent3^-four  years  of  age,  he 
took  out  his  first  burner  patent.  His 
early  efforts  were  not  altogether  suc- 
cessful ;  but  he  persevered  in  his 
experiments,  and  eventually  produced 
the    burner   with    a    non-corrosive    tip 


A  reduction  on  £2  2s.  Lights,  and  above,  of  2s. 
each,  on  taking  four  Lights,  and  upwards. 

An  addition  of  one-sixth  for  Gas  consumed  on 
Sundays. 

CONDITIONS. 

1.  The  Company  will  convey  the  Gas  to  the 
fronts  of  thR  Houses,  in  those  Streets  through 
which  the  miius  are  cnrried  ;  all  connections  to 
which  are  to  be  at  the  expense  of  the  cousumer. 

2.  Payments  to  be  made  quarterly,  in  advance, 
as  follows:  the  Lady  -  day  and  Midsummer 
Quarters  to  be  one-eighth,  and  the  Michaelmas 
and  Christmas  Quarters  three-eighths  of  the 
annual  charge.* 

3.  Any  person,  who  may  be  found  using  the 
Gas  after  the  hour  contracted  for,  will  be 
charged  up  to  the  following  hour  for  that 
Quarter. 

4.  Persons  desirous  of  using  Gas  at  any  hour 
not  specified  in  the  above  list,  or  any  Burner  not 
mentioned,  may  do  so  on  contracting  for  the 
same. 

.'j.  The  flame  is  not  to  exceed  five  inches  in 
height. 

G.  No  burner  or  Fittings  of  any  kind  to  be 
used  but  those  approved  by  the  Company. 

*  Example.  An  eight  -  hole  Buraer  to  0 
o'clock,  annual  charge  £2  2.s\,  Lady-day  and 
Midsummer  Quarters  5.?.  'Sd.  each,  and  for  the 
Michaelmas  and  each. 

Liddell  ic  Son,  Printers,  Bodmin. 
[Some  loords  are  apparently  missing  from  the 
original.]  

In     December,     1813,     Westminster 
Bridge  was  first  hghted  by  gas  ;    and 
the     year    after    the     oil-lamps    were 
removed  from  the  streets  of  the  parish 
of     St.     Margaret's,     Westminster,     in 
favour  of  gas-lights.     But  so  strong  was 
working-class    opposition   to    the   new 
invention   that   Clegg  was   obhged   to 
light  the  lamps  himself  for  the  first  few  a.  NozzIc. 
nights,    the    lamplighters     stubbornly  c."  oro'te  HoWer.' 
refusing  to  do  so.      In  1815  the  Guild-  g.  ^^p^,^^^^ 
hall  was  lighted  by  gas,  and  the  public  g'.  Gas  Adjuster. 
teemed  with  the   most  extrava-  "•  f)'/)'A'i*juster. 
praise    of    it — "  as    shedding    a       (p)  Piai"- 

brightness    clear    as    summer's    noon,  Jl' ^''''*  ^"°''?'      ,     „       :„.«,,. 

*=  ,.   ,  ,'  Fig.  1L— Section  of  a  Bray  '-'09"  inverted  burner 

with  patent  gas  adjuster. 


press 
gant 


but  undazzling  and  soft  as  moonlight, 
tliough  forming  a  magnificent  combina- 
tion worthy  the  inauguration  of  the 
presiding  citizen."  The  year  1816 
found  a  large  part  of  the  Metropolis 
illuminated  by  gas,  more  than  4,000 
argand  burners  having  been  put  up, 
while  arrangements  were  being  made 
for  a  large  extension. 

The  names  of  George  Bray  and 
William  Sugg  occur  directly  we  begin 
to  speak  of  burners. 

Mr.  Bray  was  born  in  Leeds  in  1841. 
In  his  youth  lie  became  attached  to 
the  woollen  industry,  in  Mhich  his 
father  was  engaged.  The  Avork,  how- 
ever; was  distasteful  to  him,  for  lie  was 


which  has  been  so  largely  adopted. 
The  making  of  gas-burners  became 
such  an  important  part  of  his  work 
that  he  resolved  to  devote  himself 
entirely  to  it ;  and  about  the  yeav 
1872  he  took  a  small  factory  in  Black- 
man  Lane,  and  soon  found  himself  in 
the  full  tide  of  business.  An  elficient 
flat-flame  burner  M'hich  could  be  bought 
at  a  price  tliat  Mould  bring  it  within 
the  reach  of  all  classes  of  consumers 
Avas  much  Avanted,  and  Mr.  Bray's 
ingenuity  and  perscAcrance  furnished 
it.  The  i)roduction  of  the  porcelain 
tip  bmiier  A\'as  for  a  long  tune  the  main 
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feature  of  the  business  ;  but  in  1878 
or  1879  j\Ir.  Bray  turned  his  attention 
to  tlie  improvement  of  the  lamp  in 
M'hich  the  burner  was  to  work.  Tlie 
result  was  the  production  of  a  lantern 
in  Avhicli,  in  place  of  t'le  old  square 
glass  case,  one  was  used  which  tapered 
doA^tiMards,  so  as  to  avoid  tllro^\■ing  a 
shadow  upon  the  ground  in  the  imme- 
diate vicinity  of  the  post.  The  illumi- 
nating power  of  the  gas-jet  was  also  in- 
creased b}'  placing  reflectors  in  the  roof. 
These  lamjss  have  b?come  as  famiUar 
as  the  name  of  the  inventor.  Ample 
evidence  of  Mi'.  Brays  inventiveness  is 
afforded  bj'  the  Register  of  Patents. 
Between  1872  and  1903  he  took  out 
numerous  patents  for  improvements  he 
had  effected  in  gas-burners,  street 
lamps,  &c. 

His  first  burner  was  brought  out  in 
1865.  The  names  of  some  of  them  are  : 
the  ■'  Cockspur,"  "  Heron,"  ""  Iron  Bats- 
wing,"  ■■  Bronner,"  "  Iron  L'nion  Jet," 
"  Metal  Slit  Union,"  and  '"  Steatite 
Union,"  followed  by  the  equally  well- 
kno^^'n  ''  Regulator,"  "  Market,"  and 
■'  Standard  "  burners,  and  the  special 
"  Gas  Economisers."  George  Bray  was 
taken  away  from  his  labours  in  1905, 
at  the  age  of  63.  Tlie  firm  is  still 
actively  engaged  in  up-to-date  lighting. 

Mr.  William  Sugg's  career  was 
equally  interesting.  In  March,  1867, 
a  pamphlet  issued  b}'  Dr.  Letheby, 
on  the  illuminating  power  of  the  Metro- 
politan gas,  made  the  first  mention  of 
the  late  ]\Ir.  William  Sugg,  viz.,  '"  The 
burners  having  been  the  fifteen-hole 
steatite  argand  of  Mr.  Sugg,  which,  with 
a  consumption  of  5  ft.  of  gas  per  hour, 
and  with  a  7-in.  cliimney,  gives  about 
11  per  cent  more  light  than  the  old 
brass  burner." 

In  June,  1869,  a  statement  was 
issued  to  the  Metropolitan  Board  of 
Works  by  Mi\  T.  W.  Keates,  I'.C.S.  In 
this  reference  is  made  to  Sugg's  "  new 
argand  burner."  "  By  this  burner 
the  ligliting  power  of  common  gas  is 
raised,  according  to  report,  in  the  pro- 
portion of  100  to  116.  As,  however,  an 
argand  burner  of  this  description  is 
not  suitable  for  ordinary  use,  and  the 
fishtail  is  for  several  reasons  likely  to 
be  retamed  as  the  common  burner  for 
the  public,  I  submit  it  is  not  fair   to 


the  consumers  that  such  a  new  burner 
as  the  new  argand  burner  should  be 
used  as  a  standard,  unless  they  were 
generally  enabled  to  avail  themselves  of 
its  advantages.  As  it  is,  they  must  be 
content  with  the  fishtail,  M'hich,  even 
of  the  best  construction,  gives  only 
89  per  cent,  of  the  hght  of  the  old 
argand.  Compared  with  the  new  ar- 
gand, the  light  given  by  the  fishtail 
burner  is  only  89  out  of  116.  The  fact 
is  that,  by  the  alteration  of  the  standard, 
the  gas  gains  16  per  cent.,  leaving  the 
consumer  no  better  off  than  he  was 
before.  Tlie  effect  will  be  that  the 
examiner  will  be  obliged  to  report  16 
or  14  as  the  photometer  value,  while 
14  or  12  candles  respectively  wUl  be 
what  the  pubhc  will  get." 

Mr.  Sugg  has  been  so  recently  taken 


Fia.  1.5.—"  London"  Argand  burner. 

from  you  that  the  memories  of  his 
life  and  work  are  still  with  most  of 
you.  Was  it  not  in  those  exciting  days 
of  the  '■  early  sixties "  that  William 
Sugg  was  the  assistant  in  the  learned 
Dr.  Letheby's  demonstrations,  and 
"  was  it  not  his  deft  fingers  that 
arranged  the  briUiant  experiments  that 
dehghted  the  Gas  iNIanagers  of  those 
days."'-'  With  what  zest  would  he 
have  throMTi  hmiself  into  this  evening's 
work  !     How  crowded  would  have  been 

15  Thomas    Newbigging's    History.      Lend., 
1901,  p.  44. 
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this  hall  with  models,  burners,  and 
diagrammatic  charts  could  I  have  but 
sought  his  aid.  Whenever  I  visited 
him  to  seek  his  counsel  and  advice,  I 
always  found  him  more  than  willing. 
His  office  was  half-laboratory,  half- 
workshop,  crowded  with  Avorking  models 
and  parts  of  burners,  &c.  In  the  year 
that  Queen  Victoria  came  to  the 
throne  (1837)  tlie  firm  of  Sugg  &  Co. 
commenced  in  Westminster  ;  and  when, 
in  the  late  "  fifties,"  William  Sugg  took 
upon  himself  the  burden  of  the  whole 
business,  his  motto  was,  first,  "  Experi- 
ment "  ;  secondly,  "  Experiment  "  ; 
and,  thirdly,  "  Experiment."  If,  then, 
he  had  not  reached  a  conclusion  satis- 
factory to  himself,  he  still  continued 
experimenting.  To  know  the  history 
of  William  Sugg  would  entail  the 
reading  of  all  the  principal  Gas  Acts 
of  private  companies  and  munici- 
palities throughout  the  United  King- 
dom and  on  the  Continent,  as  well  as 
of  the  Colonies  and  the  United  States  ; 
and  the  name  of  Sugg,  in  connexion 
with  the  gas  industry,  will  go  down 
to  posterity  with  names  like  tliose  of 
Clegg  and  Livesey.  William  Sugg  was, 
perhaps,  best  known  in  the  Committee- 
rooms  of  the  Houses  of  Parliament. 
When  their  occupants  were  engaged 
upon  the  discussion  of  difficult  and 
scientific  questions  in  connexion  with 
Private  Bills  relating  to  gas  legislature, 
he  would  be  sent  for,  and  woukl  after- 
wards be  found  eitlier  in  the  witnesses' 
chair  or  collaborating  with  other  emi- 
nent engineers  upon  the  details  of 
obscure  problems.  William  Sugg  was, 
firstly  and  pre-eminently,  a  scientist 
and  engineer,  and  a  personal  acquaint- 
anceship of  many  years  caused  him 
(the  author)  to  mourn  his  loss  and  pay 
this  tribute  to  his  memory. 

A  mere  mention  of  a  few  of  his  best- 
known  burners,  all  giving  good  duties, 
will  giN'c  an  idea  of  his  grip  of  this 
subject :  the  "  Standard,"  ''  Christi- 
ana," "  Argand "  (for  indoors),  the 
''  Billingsgate  "  (a  large  multiple  burner 
in  use  at  the  markets),  tlie  "  Strand," 
the  "  Lambeth  "  (for  street  lighting), 
the  "  Northumberland  Avenue,"  the 
"  Multiple  "  (for  refuges),  the  experi- 
mental burners  used  on  the  Holborn 
Viaduct,  the  Poultry,  Moorgate  Street, 


and  Waterloo  Road — with  the  excep- 
tion of  the  Argand,  all  these  were 
flat-flame.  When  the  occasion  arose, 
Mr.  Sugg  turned  his  attention  to  in- 
candescent burners,  and  was  equally 
successful.  The  following  is  a  chrono- 
logical li^-t  of  some  of  his  best-known 
types  of  burners  : — 
Hollow  Top  Steatite  Burner  . .  1868 
Improved  Hollow  Top   Steatite 

Burner  (circular  slit)  . .  . .      1874 

Table  Top  Steatite  Burner         . .     1884 
Cone  Top          „  „  ..      1897 

Small  Governor  Burner  . .  . .      1880 

Triple  Billingsgate  Burner  . .      1880 

10-Flame  Combination  Burner  . .     1880 
Christiania      Governor      Burner 

(Italian  pattern)  . .  . .      1874 

Bicurrent  London  Argand 

(Burner  No.  I)  . .  . .      1868 

Tricurrent  London  Argand 

Burner  1874 

Long  Body  "  D  "  Argand  Gover- 
nor Burner        . .  , .  .  .     1894 
Frankfort  Ai'gand  Burner,  \\'ith 

eye-screen  and  shade  . .  . ,      1876 

50c.  Argand  Burner         . .  . .      1879 

100c.       „  „  ..  ..      1879 

Vincent  Lamp 1883 

Cromartie   Regenerative   Burner     1884 
High-Pressure  Vertical  Incandes- 
cent Burner      , .  . .  . .      1899 
Pressure  Increaser           . .  . .      1898 
Low-Pressux"e  Christiania  Incan- 
descent Burner            . .          . .      1899 
Low-Pressure  Inverted  Incandes- 
cent Burner  (N.E.R.  pattern)     1907 
Do.     (1953  pattern)    .  .          .  .      1907 
Do.     (Regent  pattern)            . .      1908 
The  firm  have  adapted  themselves  to 
the  altered  conditions,  and   are  keeping 
pace  with  inodei-n  inverted  incandescent 
and  semi-indirect  burners. 

In  July  and  November,  1861,  Col. 
Ha^^vood  made  two  very  interesting 
reports  on  tlic  '  Carburation  of  Gas, 
as  Supplied  to  the  Public  Gas-Lamps 
by  the  Process  of  the  United  Kingdom 
Carburating  Gas  Conipany.'  This  was 
a  patent  for  placing  near  to  the  gas- 
burners  a  receptacle  containing  coal 
naphtha,  the  gas  passing  tlu'ough  or 
over  this,  taking  up,  and  becoming 
enriched  by,  the  additions  of  the  vola- 
tile hy(_lro('ar])()ns  contained  in  the 
naphtha  ;  the  illuminating  ])ower  of  the 
gas  being  increased  from  25  to  77  per 
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cent,   according  to  tlie  qualitv  of  fh 

naphtha     The  inventors  dahned  that      *°  ^l'^  Corporation  of  London,  in  con 

equal  hght  would  b^  given  with  half      J"^'*^°"    ''''^^'    ^^     t-^'-^"    ~    '    " 

that  the  naphtliahzation  of  gas  would 
effect  a  saving  on  each  publi?  lamp  of 
i-i  per  annum.  ^ 


-  .ue  ^corporation  of  London,  in  con- 
George     Hughes,  *£_a     well-known    gas 


Fig.  18.—'^  Lambeth  "  multiple  burner  lamp,  1879. 


Fig.  16.-Chronological  chart  of  lamp  cock 
governors  (Sugi,''s  18.59-1881) 


"'^ol^^u^St'XteSSr'''' 

Early  Experiments  in  Street- 
Lighting. 


Fig.  19.-2U0  candlepower  Argand  burner  in 
street  lamp. 

public    lamps    and    chargmg    for    the 
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amount  of  gas  consumed ;  and  Mr. 
Hughes  estimated  that  30  per  cent  less 
gas  was  given  than  was  paid  for.  He 
calculated  that  so  much  less  gas 
appeared  to  be  furnished  by  the  com- 
panies supplying  Westminster,  that 
over  £2,021  was  being  paid  annually 
above  the  proper  amount."'  It  was 
instanced  that  gas  was  allowed  to  be 
supphed  by  meter  to  the  public  lamps 
at  Leeds,  Leicester,  Lincoln,  St.  Ives, 
Worthing,  Torquay,  and  other  places, 
and  that  it  was  universal  in  Scotland. 
The  same  year  another  lengthy  pam- 
phlet on  the  carburating  or  naphthaliz- 
ing  of  gas  to  the  pubUc  lamps  was 
pubhshed. 


During  the  past  few  months  much 
has  been  said  and  written  with  regard 
to  the  now  well-established  fon^^ard 
pohcy  of  the  premier  gas  company  in 
the  Metropolis,  which  is  this  year  cele- 
brating its  centenary.  In  connexion 
therewith  the  honoured  name  of  the 
Governor  of  the  Company,  Sk*  Corbet 
Woodall,  has  been  freely  mentioned  as 
the  one  chiefly  resi^onsible  for  this 
policy,  and  that  the  date  of  his  advent 
to  the  office  of  governor  sjTichronized 
with  its  commencement.  Though 
this  is  quite  true  with  regard  to 
the  date  when  the  Company,  with 
their  new  head,  started  on  their  active 
campaign,  both  within  and  outside  the 


Fig.  20.— Artistic  refuse  standard  in  Trafalgar 
Square,  with  tiat  flame  burners  (now  lighted  with 
high-pressure  gas). 

Many  experiments  went  on  in  the 
public  streets  with  burners  of  various 
kinds  now  that  the  industry  M-as  put 
upon  its  mettle  by  its  keen  competitor 
Electricity;  e.q.  "the  experiments  by 
Sugg's  new  Multiple  burner  (see  Fig  18). 
These  were  carried  out  in  various  parts 
of  the  City  of  London  and  in  the 
provinces  ;  one  very  interesting  experi- 
ment was,  for  instance,  carried  out  in 
the  Waterloo  Road  in  1871). 


Fia.  21. 


'  Chromartie  "  regenerative  burner 
(clu.«ter  lamp). 


Ki  This  was  bor-ne  out  also  by  Mr.  Arn(/„  the 
Surveyor  to  the  Local  Hoard' of  Westminster, 
who  made  an  investl.i;ation,  in  the  year  l.SfjS,  into 
the  (luantitv  of  iras  supplied  liv  the  three  com- 
panies lighting  that  district. 


administrative  Board  Room,  it  is  far 
from  being  so  with  regard  to  the  author  of 
the  policy  himself.  Sir  Corbet  Woodall, 
who,  more  than  a  quarter  of  a  century 
(to  be  coiTcct,  twenty-seven  j'cars) 
previous  to  his  election  to  this  high 
administrative  office,  M'as  then  in  the 
very  midst  of  the  fightmg  arena, 
waging  the  battle  of  gas  liglits  against 
the  then  newly  introduced  illuminant, 
at  wliich  time  a  great  deal  of  energy 
and  ingenuity  Mere  displayed  in  con- 
ducting the  interesting  controversy  on 
the  respective  merits  of  gas  versus 
electricity,     llie  Daily  Xews  of  January, 
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1879,  speaking  in  regard  to  this  as  "  a 
gas-retort,"  said : — 

"  It  has  at  length  occurred  to  a  gas 
company  to  give  a  practical  ilhistration 
of  what  gas  can  do  if  it  be  fairly  dealt 
with.  The  promoters  of  the  electric 
light  have  recommended  it  to  the 
pubhc  by  the  simple  expedient  of 
displajdng  its  powers  in  the  pubHc 
thoroughfares,  and  for  some  months 
they  have  had  it  all  their  own  way, 
mocking  the  puny  gas-lamp  lights  in 
the  Strand,  on  tlie  Embankment,  and 
on  Holborn  Viaduct  witli  globes  of 
glorious  light.  After  a  period  of  appar- 
ent paralysis,  the  gas  companies  are 
beginning  to  take  courage.  There  is 
no  question  of  the  superior  brilliancy 
of  the  electric  Ught  as  applied  to  street 
illumination.  But  behind  looms  the 
question  of  cost ;  and  the  dark  shadow 
of  the  ratepayer  is  a  deterrent  influence 
on  street  illumination,"  &c. 

"  Under  the  du'ection  of  ]\Ir.  Corbet 
Woodall,  the  accomplished  Engineer 
to  the  Phoenix  Gas  Company,  with 
whom  the  experiments  originated,  these 
lamp-jiosts  were  removed,  and  48  new 
ones  set  up — of  course,  at  closer 
distances.  The  new  lamp-posts  differ 
from  the  old  ones  in  man}^  important 
particulars.  In  the  first  place,  they 
are  2  feet  shorter — ^a  hopeful  recogni- 
tion on  the  part  of  gas  companies  that 
it  is  the  street  pavement  that  wants 
lighting,  not  the  first-floor  rooms  of  the 
adjacent  premises.  The  lanterns  are 
croAvned  with  opal  glass,''  Avhich  reflects 
downAvard  a  greatly  increased  propor- 
tion of  the  light. 

"  The  retort  courteous  of  the  Phoenix 
Gas  Company  to  the  brilliant  argu- 
ments of  the  electric  light  seems  to 
prove  that  the  gas  companies  can 
light  the  streets  if  the  pubhc  will 
consent  to  pay  for  the  luxury." 

In  the  article  were  many  figures  and 
tables  giving  comparisons  ])etween  the 
cost  of  the  two  illuminants  which  were 
greatly  to  the  advantage  of  the  gas 
lighting.  Now  history  repeats  itself,  in 
this  case  by  the  same  individual,  who, 
after  thirty-three  years,  is  still  spared 
to  you.  In  this  experiment  credit  must 
be  given  to  Mr.   Sugg,  who  was  also 

17  This  was  the  first  time  that  opalescent  glass 
was  used  in  the  roofs  of  gas  lanterns. 


interested  in,  and  largely  responsible 
for,  the  ultimate  success  of  the  iiLstalla- 
tion  mentioned,  he  being  the  inventor 
and  maker  of  the  gas  lanterns  used, 
and  the  steatite  burner  specially  de- 
signed for  the  expermient. 

I  am  also  reminded  of  this  fact  by 
one  who  remembers  the  circumstance, 
and  who  says :  "  You  quote  from 
The  Daily  News,  but  why  leave  out 
Punch,  who  said  on  the  1 5th  of  Febru- 
ary, 1879  :  '  The  real  modem  Aladdin's 
magician  is  IVIr.  Sugg,  who,  by  mear.s 
of  his  improved  burner,  gives  us  "'  new 
lamj)s  for  old  ones."  See  the  Waterloo 
Road  and  Waterloo  Place  passim. 
"0  si  sic  omnia "  ?  If  all  gas-lig'.t 
were  like  these,  who  would  ask  for 
Edison  and  electricity  ?  '  " 

The  Beginnestg  of  Public  Lighting 
BY  Electricity. 

In  the  year  1878  these  experiments 
continued.  Mr.  Deputy  Bassingham  and 
Col.  Haj-Avood,  the  then  Cit}^  Engineer, 
reported  to  the  Streets  Committee  of 
the  Corporation  of  London  on  the 
Jablochkoff  lamps  (a  French  sjoiclicate) 
installed  in  the  AA^enue  de  1' Opera, 
Paris. 

Tlie  earty  lighting  of  Holborn  Via- 
duct (XoA-ember,  1878)  by  sixteen 
Jablochkoft'  lamps,  displacing  eighty-six 
gas  lamps,  may  be  looked  upon  as  the 
initial  step  which  ultimately  culminated 
in  the  present  arc  lighting  of  the  City  ; 
but,  as  is  AA'eU  knoAA'n,  this  experiment 
AA'as  not  a  financial  success.  It  is 
interesting  to  note  that  a  lamphghter 
was  present  each  CA'cning,  from  sunset 
to  midnight,  of  the  three  months  the 
experiment  was  running,  to  light  up 
the  gas-lamps  Avhen  the  electricity 
failed,  and  that  his  services  were  neces- 
sar}^  After  three  months'  trial,  it  was 
found  that  the  sixteen  lamps  cost  £10 
per  night,  against  £1  7s.  Ihd.  for  gas, 
or  10.5.  Id.  per  lamp  per  hour,  while  the 
cost  of  a  gas-lamp  Avas  but  0'27(Z.,  or 
little  more  than  Id.  Taking  the  charge 
per  annum,  electricity  cost  £3,072 
against  £419  for  gas  for  this  small 
area  ;  and  as  the  former  light  came  to 
about  7  J  times  the  cost  of  gas  the 
experiment  Avas  abandoned. 

In  1879  the  electric  light  Avas  intro- 
duced into  Billingsgate  Market  in  the 
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City  of  London,  in  1880  the  City 
Commissioners  again  decided  to  experi- 
ment, Ludgate  Hill,  Cheapside,  and 
King  William  Street  being  lighted  by 
the  Brush  Company,  tlie  Electric  Light 
&  Power  Generator  Co.,  and  Messrs. 
Siemens,  the  contracts  being  for  one  year, 
which  ended  in  April,  1882.  Of  these, 
the  lighting  by  the  Brush  Company 
proved  commercially  successful.  Further 
experiments  by  the  Brush  Company 
followed,  while  the  Ediswan  Com- 
pany made  a  demonstration  in  Holborn 
Viaduct  with  ninety-two  16  c.-p.  glow 
lamps,  installed  in  place  of  eighty-six 
batsAving  gas  burners. 

Owing  to  the  passing  of  the  Electric 
Lighting  Act  of  1882,  matters  were  held 
in  abeyance  while  the  Commissioners 
considered  the  position  in  which  the 
Act  placed  them.  In  1882  Sk  W.  H. 
Preece  was  consulted,  and  thence- 
forth made  exhaustive  reports  on  the 
question  of  the  pubUc  lighting  of  the 
City. 

The  first  practical  electric  lighting  of 
the  City  streets  on  a  large  scale,  how- 
ever, may  be  said  to  date  from  the 
Brush  Company's  proposal  of  1885,  the 
conditions  of  which  were  practically 
those  adopted  l)y  the  Commissioners  in 
1889.  After  ^  thirteen  years  of 
deliberation  and  experimental  trials, 
1890-01  saw  the  Brush  Company  and 
the  Laing,  Wharton  &  DoAvn  Co. 
obtaining  definite  contracts  and  pro- 
visional orders  within  tlie  City.  These 
contracts  required  that  the  lighting  of 
the  main  thoroughfares  by  arc-  lamps 
should  be  completed  by  the  end  of 
1893. 

Strange  as  it  may  seem,  with  electric 
light  coming  along  in  1889,  oil  being 
cheap,  an  experiment  in  lighting  Hol- 
born -with  petroleum  oil  was  carried 
out  by  the  Defries  Safety  Lamp  and 
Oil  Co.     The  experiment  lasted  for  a 


year  ;   but  nothing  practical  came  of  it. 

A  very  interesting  article  appeared 
in  one  of  the  trade  journals  about  this 
time  (1891),  entitled  'The  Modern 
Slaves  of  the  Lamp,'  m  which  the  new 
lighting  was  blamed  for  late  shopping 
and  consequently  later  hours  of  work 
for  shop  assistants,  and  an  agitation 
was  raised  against  the  same  by  certain 
trade  journals. 

Twenty-one  years  ago  (in  1892)  some 
409  ''  open "  type  arc  lamps  were 
installed  in  the  City  of  London  main 
streets,  necessitating  the  extinguishing 
of  1,126  gas  lamps. 

Shortly  before  this  (in  1891),  on 
the  introduction  of  electric  light  into  the 
City  of  London,  The  Daily  Telegraph  had 
a  long  leader  on  the  subject,  remarking 
'■  The  '  Lord  Mayor's  Show  '  will  be 
made  visible  to  the  naked  eye,  despite 
the  worst  that  a  '  London  particular  ' 
can  do  to  blot  it  out  from  human 
ken." 

Introduction  of  the  Welsbach 
Mantle, 

FolloA\'ing  the  introduction  of  the 
Welsbach  burner  for  street  lighting  in 
1895,  in  the  Metropolis  by  the  Borough 
of  Kensington,  and  South  Metropolitan 
Gas.  Co.  on  the  Surrey  side  of  the 
Thames  (the  Cias  Light  &  Coke  Co. 
would  not  touch  it  at  that  date,  on 
account  of  the  fragility  of  the  mantle), 
I  made  a  very  exhaustive  experiment 
and  many  observations,  choosing  Wood 
Street,  Cheapside,  a  thoroughfare  about 
450  yds.  in  length.  The  experiment 
was  commenced  in  INIay,  1896. 

Previous  to  the  incandescent  burners 
being  used,  I  had  them  fitted  with 
"  Goodson's  "  governors,  and  tested  at 
various  pressures  (this  for  the  Gas 
Co.'s  satisfaction  as  well  as  my  own), 
with  the  following  results  : — 


Uesults  oi'  Tkstin'o  In'candesckxt  Rukn'i;us  with  "Goodson's"  Govi:rxoijs. 


Pressure 
lO'lOths 


IS.lOths 


Consimiiition 
360ft. 


3-e'Oft. 


20/lOths 


0-60  t. 


2.V10:hs 


30/lOths 


3-eo"t. 


3.eoft. 
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3-7  was  the  consumption,  with  about 
one -tenth  foot  for  the  flashhght.  I 
then  had  them  tested  (through  the 
kindness  of  Prof.  Vivian  B.  Lewes)  on 
the  Dibden  radial  photometer,  to  get 
the  effective  lighting  value  at  the 
working  angle  of  45  degs.  below  the 
horizontal  hne,  also  on  tlie  horizontal 
line,  and  at  various  angles  between 
45  degs.  above  and  below  it,  \vith  the 
results  as  set  foith. 

Incaxdescext  burner  with  reflectixg 
chimney,  etc.  tests  on  radial  photo- 
meter at  1  jn.  pressure. 


Gas  Con- 

sumption 

Light  in  Standard 

Position 

cubic  ft.  per 
hour 

Candle's 

4.-,° 

3-7  C.  ft. 

220 

40° 

2i;-o 

;i:-' 

,, 

300 

30° 

„ 

31-0 

2.5° 

,, 

360 

20° 

„ 

400 

1.5° 

440 

10° 

480 

y° 

500 

Horizontal 

,, 

500 

5° 

46-0 

10° 

42-0 

15° 

40-0 

20° 

3.8-0 

25° 

,. 

35-0 

30'^ 

320 

35° 

28-0 

^0° 

220 

45° 

» 

18-0 

This  gave  a  value  of  50  c.-p.  on  an 
horizontal  plan?;,  and  an  effective  value 
of  18  c.-p.  at  an  angle  of  45  degs. 
below. 

{N.B. — ^As  the  burners  were  after- 
wards fitted  into  lanterns  \\iih  porce- 
lain reflecting  cones  to  catch  the 
upward  rays,  the  results  would  be 
much  higher  than  shovra  in  table.) 

Then,  to  get  a  comparative  value  of 
the  Welsbach  burner  with  the  ordinary 
5-ft.  governor  burner  then  in  use,  I  had 
two  specimens,  by  different  makers, 
similarly  tested,  when  they  gave  the 
following  readings.     (See  next  table.) 

No.  1  burner  gave  a  sliglitly  lower 
reading  than  Xo.  2,  but  the  mean  of 
the  two  readings  gave  the  candle-power 
on  tlie  horizontal  as  11  candles,  while 
at  45  degs.  below  a  mean  value  of 
8 1  candles,  where  the  light  was  most 
wanted.  The  loss  in  effective  candle- 
power  below  the  horizontal  was  most  pro- 


nounced in  the  early  Welsbach  burner, 
viz.,  no  less  than  32  candles ;  the 
common  flat-flame  burners  only  lost 
2|  candles  when  at  45  degs.  below  the 
horizontal. 

Street  Lamp  Governoe  Burners. 


No.  1.  "  Borra<iaile."        |  No.  2.  "Sugg." 


Gas  rate  5  c. 

ft.  per  hour. 

Pressure  1  in. 

Position 

Candle-Power 

Position 

C.-P. 

45°  above 

9-0 

45°  above 

10-6 

40° 

•J- 2 

40° 

10-8 

35° 

<»■+ 

35° 

no 

30° 

9r, 

30° 

no 

25° 

lO-o 

25° 

no 

20° 

10-2 

20° 

no 

1.5° 

10-4 

15° 

11-2 

10° 

10-4 

10° 

n-4 

5° 

10-6 

5° 

11-5 

Horizonlal 

10-6 

Horizontal 

11-6 

5°  below 

10-6 

5" 

11-6 

10° 

10-6 

10° 

11-8 

1.5° 

10-3 

15° 

11-4 

20- 

100 

20° 

11-2 

25° 

9-7 

25" 

10-9 

.30'"             ^ 

9-4 

30" 

10-4 

35°  '- 

90 

35« 

100 

40° 

8-6 

40° 

9-5 

45° 

80 

45" 

90 

Duration  of  Experiment. — ^The  lamps 
were  lighted  on  May  15th,  and  were 
in  lighting  a  Httle  over  six  months, 
which  gave  me  a  good  data,  viz.,  half 
a  year,  on  which  to  base  the  following 
figures. 

Gas  Consumed. — At  4  cubic  feet  per 
hour,  as  agreed  by  the  Gas  Co.,  and  on 
which  the  charge  was  to  be  made,  there 
should  have  been  consumed  134,402  cubic 
feet  between  June  1st  and  December 
1st,  1896,  whilst  I  find  by  the  average 
readings  of  the  meters  I  fixed  to  the 
services  that  the  con-sumption  was 
163,370  cubic  feet,  or  28,968  more 
than  charged  for  by  the  Company, 
being  an  average  of  486  cubic  feet 
per  hour.  This  increase  was  partly 
owing  to  the  fact  of  one  or  two  small 
leaks  on  the  fittings,  and  that  the 
"  pilot  "  lights  were  going  during  the 
whole  twentj'-four  hours,  whilst  the 
Gas  Co.  only  charged  for  it  during  the 
fighting  hours. 

Number  of  Mantles  Used. — The  num- 
ber of  mantles  consumed  during  the 
half-year  was  106,  being  at  the  rate 
of  6- 23  per  lamp  for  the  half-year,  or 
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12-46  per  lamp  per  annum,  as  set  out    flat-flame  burners  with  square  lanterns 
in  the  foHowing  table  : —  was  as  fo flows  : — 


Mantles  per  Lamp. 

Hours  of 

Lighting  1862. 

By  27  Wood  Street 
,,  35 

„  St.  Alban's  Church 
„  40  Wood  Street 
„  56 
,.  48 

3 
22 
2 
6 
3 

Bracket 

Column 
Bracket 

1 

Average  life 

,,  66 

2 

•.1 

„  74 
„  82 
„  94 

4 
5 

!) 

of  mantles 

9 

H 

I 

„  103 

„  Huggin  Lane 
„  122  Wood  Street 

1 

5 

4 

" 

180  days  or  | 
1,701  hours/ 

29-50  days  or 
298-62  hours. 

..  6                „ 

.,  13 

„  130 

„  St.  Peter'8  Church  Yard 

1 

28 
2 
6 

Column 
Bracket 

171  days 

IOC.  X 

17  =  6'23  per  lamp  fo 

1    6    months,   or  12'46  per  annum. 

It  wifl  be  seen  that  the  life  of  the 
mantles  was  from  1  day  on  a  column 
to  180  days  on  a  bracket.  There  were 
only  two  columns  in  this  street,  other- 
wise the  consumption  of  the  fifteen 
brackets  would  hav^e  been  56  (about 
half  the  number). 

The  cause  of  the  breakage  of  the 
mantles  on  the  columns  was  due  to 
the  fact  that  the  railway  carmen  throw 
the  packing-cases  off  tlieir  vans  on  to 
tlie  bases  of  the  columns,  and  these 
Qolumns  had  no  anti-concussion  springs 
fixed  to  them  to  break  vertical  sliocks. 
Since  the  experiment  had  been  in 
existence  an  anti-vibration  spring  liad 
been  brouglit  out,  whicli  reduced  break- 
age of  mantles  by  shock  to  a  minimum. 
It  must  also  be  remembered  that 
there  are  very  fonv  columns  in  the  minor 
streets  of  the  City  of  London. 

Cost  of   Gas  and   Maintenance 
(Incandescent). 


Ubnipsat  i'l  lOs'.  each 

Cost  of  gas  at  4  It.  ]ivv  lighting  \\n\\v 
under  agrctMULMit  with  tlie  (Jas  Liglit 
&  Coke  Co.  =2!)i?,400  c.  ft.  of  gas  por 
aiiiiuni,  at'J.s.  :iif.  per  l,(K)Oft. 

Cost  of  212  mantles  at  l.v.  lid.  eacii 

(jias  fitters  time  :  74  hrs.  at  IQd.  per  lir. 


£74  14    G 

Cost  of  Ordinary  Lighting. — The  cost 
of  lighting  this  street  by  the  ordinary  5  ft 


17  5  ft.  burners,  consuming  21.500  ft.  of 

gas  each  per  annum  =30."), 000  ft.  at 

2s.  M  per  1,000  ... 
Lighting,  extinguishing,  and  cleaning 

17  lamjjs,  ]ier  annum 
Repairing  and  maintaining  17  square 

lanterns,  per  annum 


£   s.    d. 


£56 


The  incandescent  lighting  therefore 
showed  an  additional  cost  of  £18  6.s.  2d. 
for  the  M'liole  seventeen  lamps  over 
the  ordinar}^  system  ;  or,  say,  £1  Is.  a 
lamji  difference  ;  but  against  this  nearly 
treble  the  light  was  gained. 


Cost  of  ordinary  lamji,  per  annum 
Cost  of  U'elsbach  lamp,  per  annum,  say 


£    .S-.  d. 

3  (i    4 

4  7    3 


difference    £1    0  11 


£ 

.S'. 

•1. 

25 

10 

0 

32 

17 

10 

13 
3 

0 

1 

0 

8 

I  then  tested  the  burners  in  Pontifex 
"  Vauxhall  "  lanterns  with  reflectors 
and  anti-vibrators,  and  obtained  the 
following  results.     (See  next  page.) 

This  last  test  Avith  the  "  lantern 
furniture  "  is  interesting,  and  may 
ha\'e  some  bearing  on  tlie  interesting 
discussion  recentlv  raised  bvIMr.  (Jcorge 
Helps,  C.E.  of  Nuneaton,  entitled  ^  Tlie 
Candle  and  tlie  Lamp.' 

The  following  are  tJie  conclusions 
I  came  to  at  tliat  date  :  "  That  this 
form  of  street  lighting  is  most  advan- 
tageous for  minor  streets,  as  the 
small    difference    in    cost    enables    the 
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lanterns  to  be  placed,  lamp  for  lamp, 
with  the  existing  system,  thus  evenly 
distributing  the  light  over  the  whole 
of  narrow  streets  and  destroys  any 
zones  of  dark  shadows  caused  by 
intense  centres  of  Hght  set  up  at  a 
particular  portion  only  of  a  street." 


Consumption  of  Gas 

\nn1a 

Light 

Cubic  ftet  per  Hour. 

■&■"• 

Candles. 

il  c.  ft. 

Horizontal 

40-0 

5° 

below 

400 

10° 

40-0 

15° 

350 

20° 

35-0 

25'' 

35-0 

30° 

31-0 

3.5° 

30-0 

40° 

290 

45° 

270 

large  number  of 
"  self -intensified  " 
heating    the    gas 


Previous  test  without  Lantern — 

50  caudles  at  light  source,    aud  18  candles  at 

45°  below. 

Self-Intensified  and  Regenerative 
Lamps. 

Experiments  now  followed  thick  and 
fast  M'ith  all  kinds  of  burners  capable 
of  being  used  in  coiuiexion  Avith  the 
incandescent  mantle. 

The  "  Wenliam  "  regenerative  lamp, 
in  1890-91,  was  very  successful,  particu- 
lar 1}^  as  an  outside  shop  lamj),  and  still 
obtains  a  certain  support.  Also  the 
Sieman's  regenerative  lamp,  which 
came  out  earlier.  Following  these,  a 
"  regenerative  "  and 
burners  for  super- 
and  increasing  the 
flow  came  upon  the  market,  particu- 
larly interesting  being  the  "  Scott- 
Snell "'  "  self-intensifying  "  lamp. 

Scott-Snell  was  bom  in  1861  at 
Salt  Marsh,  Cornwall,  and  came  of  an 
engineering  family,  his  father  becoming 
— after  serving  his  articles  with  the  great 
Brunei — a  railway  engineer  in  Aus- 
tralia, where  he  constructed  the  first 
railway  in  the  Southern  Hemisphere. 
At  this  time  the  Jabachkoff  Co.  entered 
into  a  contract  for  lighting  the  Thames 
Embankment.  The  Company  was  not, 
however,  a  commercial  success,  and 
other  systems  quickly  came  to  the 
front.  Incandescent  electric  lighting 
entered  into  competition.  Edison  and 
Swan  took  the  field,  botli  having  strong 
financial    support,    and    the    company 


that  retained  Mr.  Scott-Snell's  services 
went  under.  For  some  time  he  was, 
engaged  in  patenting  electric  appHances, 
as  the  records  of  the  Patent  Office  show. 

It  was  not  long,  however,  before  Mr. 
Scott-Snell  sought  new  fields ;  the 
advent  of  the  Welsbach  Co.  found  him 
in  the  employ  of  the  marvellously  ener- 
getic, but  somewhat  short-Uved,  firm 
of  Woodliouse  &  Rawson.  Many  will 
remember  how  this  firm  undertook  to 
pioneer  the  new  illuminant.  In  their 
service  he  made  numerous  experiments 
in  burners,  and  devised  what  has  proved 
the  basis  of  all  subsequent  burners — 
"  a  large  body  "  and  '"  a  small  head." 

The  mantles  at  that  time  were  sup- 
ported on  brass  props  ending  in  a  hori- 
zontal curl  or  ring,  the  mantles  being 
attached  to  a  platinum  wire  ring,  the 
ends  of  which  were  attached  to  the 
brass  ring. 


Mantle- 


u 


FineGauze 

-  -  Coarse  Gauze 

Lintr 


Gas 


Air 


Gas 


Fig.  22. 
(«)  Original  burner,    [h)  Original  Scott-Snell  pro- 
visionally protected  Wels- 
bach burner. 

"  The  first  incandescent  mantle  fac- 
tory," says  Mr.  Scott-Snell,  "  consisted 
of  a  staff  of  two  girls,  who  worked  over 
tables  covered  with  large  plates  of 
slieet-glass  for  cleanhness'  sake,  and  a 
pair  of  '  golden '  scissors  costing,  I 
beheve,  something  over  £6,  were  pro- 
vided to  cut  the  fabric.  A  small 
domestic  wringing  machine  was  used 
to  press  the  superfluous  fluid  from  the 
fabric,  and  the  '  fluid  '  was  currently 
reported  to  be  Avorth  sixpence  a  drop." 

To  let  ]VIr.  Scott-Snell  speak  for 
liimself  : — 

"  The  ])ublic  being  accustomed 
to   the    yellow   flame,    in    many   cases 
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called  the  new  light  ghostly,  and  as  the 
'  mechanical  age  '  had  not  yet  arrived, 
people  were  clumsy,  and  the  mantles 
were  inconceivably  fragile  ;  in  fact, 
the  whole  proposition  looked  an^-thing 
but  promising.  At  first  trials  were 
made  of  dipping  mantles  in  paraffin- 
wax,  but  ultimately  collodion  was  used 
for  transport  purjDoses. 

"  Even  in  tliose  daj^s  we  made  efforts 
to  produce  inverted  burners  and 
mantles,  but,  of  course,  unsuccessfully. 

"  The  burner  I  evolved  consisted  of 
a  tube  about  double  the  area  of  the 
original  and  about  two-thirds  the 
length,  a  much  better  inspirating 
effect  being  produced  by  placing  a 
hner  inside  to  give  a  sharp  injector 
effect;  and  lighting  back Avas prevented 
by  gauze  on  top,  and  mixing  effected 
by  a  somewhat  wider  mesh  gauze 
placed  just  over  the  upper  end  of  the 
liner.     (See  Fig.  22.) 

"  This  burner,  however,  was  too 
efficient,  and  the  mantles  of  the  time 
were  not  good  enough  to  stand  up  to 
the  extra  heat,  and  soon  afterwards  it 
looked  as  if  the  introduction  of  the 
mantle  would  be  a  failure.  I  aban- 
doned the  provisional  protection,  and 
again  found  myself  in  the  ranks  of 
electrical  engineering. 

"  In  1899  I  was  representing  the 
Thames  Iron  Works  at  Westminster, 
and  was  asked  by  them  to  furnish  a 
report  on  gas  v.  electricity.  This 
brought  me  in  touch  with  the  Hydro- 
Incandescent  Gas  Light  Co.,  in  which 
water  injectors  supplied  from  the  mains 
drove  gas  into  a  reservoir,  letting  the 
water  flow  aA\ay  through  a  suitable 
trap  to  hold  back  the  gas.  The  water 
bill  Avas  a  prohibitive  item,  but  it 
showed  what  could  b?  done  by  com- 
pressing tlie  gas,  and  it  set  me  tliinking. 
A  little  logic  soon  settled  the  fact  that, 
if  poAver  was  to  be  used,  there  was 
more  than  was  Avantcd  available  in 
the  waste  heat  from  the  burner,  if 
means  to  utilize  it  could  be  devised. 

"  I  gave  a  day  to  the  question,  and 
the  next  morning  filed  the  provisional 
specification  of  Avhat  Avas  afterwards 
knoAvn  to  tlie  gas  industry  as  the  Scott- 
Snell  lamp.  In  tests  of  various  illu- 
minants  (eli'ctric  and  gas)  made  at 
Westminster   this    lamp   exceeded   all 


others  in  efficiency,  and  the  then  high 
efficiency  of  42  candle-poAver  per  cubic 
foot  AA^as  also  A'erified  in  America  and 
on  the  Continent." 

Scott-Snell's  lamp  depended  for  its 
action  upon  utiUzing  the  Avaste  of 
products  of  combustion  in  heating  the 
air  supply  conducted  to  the  burner. 
When  the  gas  burner  is  lighted,  the 
heat  causes  the  air  in  the  cylinder  to 
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¥ni.  2:5.— The  "  Podinore  "  lamp  (dust  and 
insect  proof). 

expand  and  contract,  and  brings  a 
displacer  into  action  ;  the  expansion 
continues  until  the  pressure  is  sufficient 
to  open  the  A'alve  communicating  Avith 
the  air  reser\^oir,  from  Avhence  the 
heated  air,  at  a  pressure  of  OA'cr  1  lb... 
is  conducted  througli  to  the  burner  for 
combustion.  It  Avas  claimed  that  a 
duty  of  40  candles  per  cubic  foot  of  gas 
Avas  developed,  l)orne  out  by  the  tests 
of  Mr.  James  Foreman,  of  \Vest- 
minster,   as  set  out  in  a  paper  read 
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before  the  North  of  England  Gas 
Managers'  Association  in  April,  1906. 
This  was  a  record  until  Keith  produced 
his  high-pressure  pre-heated  t3'pe.  A 
very  good  description,  with  diagrams, 
is  given  by  Walter  Hole,'^  and  by  W.  J. 
Dibdin'^  and  in  '  Men  we  have  Known  ' 
{Gas  Etigineer's  Magazine,  1905).  Several 
of  the  "  Scott-Snell"  lamps  were  in  use 
in  the  City  of  London,  but  later  ex- 
periments displaced  them. 

Other  self-intensified  burners  and 
lamps  that  came  along  at  this  time 
were  the  "  Moffatt,"  the  "  Lucas,"  the 
"  Welsbach,"  and  the  "'  Podmore." 
The  latter  lamp,  which  is  a  dust-proof 
lamp,  is  largely  used  in  factories  and 
mills  where  the  large  quantities  of 
dust  and  particles  in  the  air  choke  the 
air  supply  to  the  burner  by  being 
sucked  in  with  the  feed  to  the  burner 
nij^ple.  They  are  also  largety  used 
for  outside  shop  Hghting  and^  street 
Hghting. 

All  these  lamps  led  up  to  the 
High-Pressuee    Incandescent    Gas 

Lighting. 
In  1900  the  four  City  bridges  were 
hghted  by  the  South  Metropolitan  Gas 
Co.  with  WilHam  Sugg's  system  of 
water-driven  and  gas  engine  plants. 
So  successful  were  they  on  the  bridges 
that  the  Corporation  introduced  them 
into  the  City  thoroughfares,  tlie  Streets 
Committee  at  that  date  taking  a  great 
interest  in  the  new  lighting  problems, 
mainly  at  the  instigation  of  ^Ir.  Deputy 
A.  C.  Morton,  M.P.,  who  made  a 
special  study  of  the  lighting  question, 
and  was  for  three  successive  years 
Chairman  of  the  Committee.  Previous 
to  lighting  the  four  City  bridges,  Messrs. 
Sugg  lighted,  as  a  first  London  instal- 
ment, the  "  Ship  and  Turtle  "  Tavern 
in  Leadenliall  Street,  in  1898,  followed 
by  the  lighting  of  the  London  Pavihon 
and  the  Great  Central  Railway  at 
Marj'lebone  when  that  Company  came 
to  London.  After  1900  they  lighted 
up  the  front  of  Buckingham  Palace  for 
H.M.  Office  of  Works,  then  the  London, 
Brighton  &  South  Coast's  new  railway 
station  at  Victoria,  the  North  London 
railway  station   at   Broad   Street,  the 

18  '  Distribution  of  Gas,'   pp.  478-82. 

19  '  Public  Lightiug  by  Gas  and  Electricity  ' 
(1902ed.),  pp.  246-60. 


Bristol  Joint  Station,  Darlington  Station, 
and  Tangye's  Engineering  Works  at 
Birmingham. 

The  Onslow  burner  was  designed  by 
the  late  Mr.  A.  W.  Onslow,  Engineer 
of  the  Royal  Arsenal  Gas  Works,  at 
Woolwich,  and  was  subsequently  known 
as  the  "  Sale-Onslow  "  high  -  pressure 
burner.  There  were  also  the  "  Glover  " 
and  "  Millenium  "  high-pressure  burners; 
the  latter  Avas  the  first  burner  used  to 
light  the  thoroughfares  of  Aldwych  and 
Kingsway,  a  small  compressing  plant 
being  installed  in  a  cellar  by  Dane's 
Inn,  near  the  Law  Courts. 

The  essential  feature  of  this  early 
system  was  the  compressing  of  the  gas 
before  it  enters  the  burners  to  a  pressure 
capable  of  supporting  a  column  of 
water  10  in.  high  by  means  of  a  small 
hydraulic  ram  fixed  in  some  convenient 
position.  This  ram  was  actuated  by  the 
water  from  the  street  mains,  and  the 
gas  was  taken  from  the  services,  and 
the  pressure  increased  as  required.  The 
speed  of  the  apparatus  and  the  flow  of 
the  water  was  regulated  to  the  exact 
requirement  by  means  of  a  patent 
governor.  The  details  of  this  patent 
are  set  out  in  Hole's  '  Distribution  of 
Gas,'  pp.  60&-609. 

Tlie  next  step  with  regard  to  high- 
pressure  lighting  was  the  wonderful 
invention  of  Keith's,'-^  and  in  1905  and 
1908  several  installations  were  carried 
out  in  the  City  under  the  present  City 
Engineer,  Mr.  J'rank  Sumner,  C.E.,  viz., 
forty-five  upright  two-burner  lamps 
were  fixed  in  Queen  Victoria  Street, 
each  consuming  about  20  cubic  feet  of 
gas  per  hour,  and  giving  a  Ught  equal 
to  600  candles.  The  lamps  were  fixed 
upon  columns  on  the  footpaths,  about 
100  ft.  apart  on  the  diagonal.  The 
burners  were  13  ft.  6  in.  above  the 
roadway,  the  street  being  about  70  ft. 
wide.  The  lamps  burned  at  10-in.  pres- 
sure from  a  high-pressure  trunk  main 
direct  from  the  Beckton  Gas  Works,  42 
upright  single -burner  lamps  were  also 
fixed  in  the  neighbourhood  of  Billings- 
gate on  brackets.  These  lamps  consumed 
10  cubic  feet  of  gas  per  hour,  and  gave 
an  illuminating  value  of  300  candles 
each.     They  were   from   60   to    70  ft. 

20  Hole's  '  Distribution,"  pp.  600-23. 
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apart  on  the  diagonal,  the  height  of 
burner  from  roadway  being  about 
12  ft.,  and  were  fixed  upon  the 
house  fronts,  the  roadway  being  about 
50  to  60  ft.  wide.  Tlie  lamps  burned 
at  10-in.  pressure  from  a  special  water- 
compressing  plant,  whilst  Fleet  Street 
and  Chancery  Lane  were  lighted  with 
the  newest  developed  Keith  "  inverted  " 
burner,  supplied  from  a  special  6-in.  high- 
pressure  main  connected  with  a  com- 
pressor house,  the  pressure  being  54  in. 
(water-gauge).  The  lamps  were  about 
103  ft.  apart  on  the  diagonal,  the  height 
of  the  burners  being  13  ft.  to  16  ft.,  the 
street  being  from  45  to  70  ft.  wide. 

There  were  other  "  Keith "  and 
"  Sugg's  "  high-pressure  lamps,  fitted 
with  upright  two,  three,  four,  and 
six  burners,  on  rests  at  the  junction 
of  roadways,  of  1,000,  1,300,  2,000,  and 
3,000  candles,  making  119  in  all,  in 
addition  to  the  four  City  bridges 
lighted  with  "  Sugg's  "  high-pressure 
upright  burner  lamps,  some  135  in 
number,  giving  30  candles  to  the  foot 
of  gas  ;  they  were  single-burner  lamps, 
with  clusters  on  the  centre  of  the 
bridges. 

Strangely  enough,  at  the  very  time 
that  the  experiment  had  been  deemed 
by  the  authorities  to  be  a  success  as 
a  piece  of  main  road  lighting,  Sir 
William  Preece,  in  1905,  true  to  the 
opinions  •  he  held  over  twenty  years 
previously,  speaking  at  a  meeting  of 
the  Carnarvon  Harbour  Trust,  when 
the  proposed  installation  of  the  electric 
light  on  the  promenade  was  under  dis- 
cussion, strongly  urged  the  Trustees 
to  have  the  promenade  lighted  by 
incandescent  gas  mantles,  which,  he 
said,  distributed  the  light  much  better 
than  electric  lamps.  He  added  that 
he  always  recommended  public  authori- 
ties to  use  them  in  preference  to  elec- 
tricity as  an  ilhmiinant  for  public 
thoroughfares.  This  well-established 
fact,  and  the  introduction  of  the 
inverted  burner  for  indoor  and  general 
domestic  lighting  as  a  rival  to  the 
incandescent  electric  lamp,  gave  a 
great  impetus  to  the  gas  industry,  and 
more  than  helped  it  to  hold  its  own 
against  its  now  formidable  rival. 

The  high-pressure  "  inverted  "  burner 
now  went  fonvard  with  great  rapidity, 


both  as  an  illuminant  for  street  and 
workshop  lighting  ;  but  it  developed 
in  a  most  remarkable  manner  for  out- 
side shop  lighting  and  "  parade  Hght- 
ing,"  the  latter  being  a  scheme  by 
which  a  number  of  tradesmen  in  a  busy 
shopj)ing  district  would  agree  to  Hght 
the  whole  of  the  thoroughfare  fronting 
these  premises  from  one  compressing 
plant,  the  local  gas  company  making 
the  arrangements,  giving  easy  terms, 
and  maintaining  them  on  the  principle 
of  "  trade  following  the  flag,"  so  it  was 
found  by  the  enterprising  tradesmen 
that  "  business  followed  the  lamp." 


Fig.  24.— Parade  Lighting.    "  Keith  "  HP.  lamp 
on  bracket  with  lowering  gear. 

Ilford,  in  Essex,  was  one  of  the  first 
gas  companies  to  push  the  system,  under 
their  engineer,  Mr.  W.  B.  Farquhar. 
It  was  also  carried  out  on  a  verj^  large 
scale  at  Hornsey  and  other  places  in 
IMiddlesex  by  the  Tottenliam  and 
Edmonton  Gas  Co.,  through  the  nitia- 
tive  of  their  very  enterprising  engineer, 
Mr.  A.  E.  Broadberry.  Tlie  Metropolitan 
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companies  were  quick  to  see  the  poten- 
ticilities  of  tliis  new  system  of  private 
lighting  and  the  advertisement  to  be 
obtained  therefrom.  Water  -  driven 
plants  were  now  hastilj^  discarded,  and, 
with  the  new  burner,  came  ''  direct  " 
and  "  belt "  driven  plants. 

In  1910  high-pressure  gas  lighting 
was  very  largely  and  effectively  used 
in  Berlin,  25  miles  of  streets  being  lit 
by  1.531  lamps  fitted  with  upright  and 
inverted  burners,  two  and  three  burners 
in  each  lantern ;  they  are  supplied 
direct  from  four  separate  compressing 
plants  at  a  pressure  of  about  53  to 
78  in.  (water-gauge),  the  newest  t\"pe 
of  lamps,  viz.,  tlie  "  Graetzin  "  high- 
pressure  inverted  lamp,  being  fitted 
with  three  burners  per  lantern,  giving 
an  illuminating  value  of  over  4.000 
"  Hefner  "  candles,  two  burners  being 
extinguished  at  midnight. 


Fig.  24a. — Parade  Lighting.    Details  of  lowering 
gear  of  "  Keith  "  H.P.  lamp  bracket. 

The  distance  apart  of  these  high- 
pressure  lamps  is  from  90  ft.  to  100  ft., 
and  the  average  height  of  the  lamps 
above  the  roadwa}^,  measured  from 
the  burner,  about  19  ft. 

Gas  manufactured  by  the  munici- 
pality was  of  12  candle-power,  ?m- 
enriched,  but,  tested  by  the  "  Metro- 
politan No.  2  "  burner,  a  hght  equal 
to  14  or  15  candle-power  was  obtained — 
the  price  of  gas  was  stated  to  be  l"?.  4.U/. 
per  1,000  cubic  feet  for  public  lighting 
purposes.  The  calorific  value  of  this 
gas  Avas  540  B.Th.U.,  or  135  calories 
(gross).  This  compared  favourably 
with  the  calorific  standard  for 
London    gas,    viz.,     14    candles,    500 


B.Th.U.,  or  125  calories  (gross),  as 
inserted  in  the  Gas  Light  &  Coke 
Company's  Bill,  for  Parliament  had 
noM'  seen  the  wisdom  of  loAvering  the 
candle-power  of  gas,  owing  to  the 
need  for  a  non-illuminous  flame  and 
the  heat  required  for  the  incandescent 
mantle. 

Following  this,  and  partly  as  a  result 
of  it,  in  this  year  seven  centrally  hung 
liigli -power  gas  lamps  of  1,500  c.-p. 
(nominal)  were  installed  by  the  Gas 
Light  &  Coke  Co.  in  Cannon  Street 
(at  the  request  of  the  Corporation  of 
London  as  an  experiment),  with  gear 
to  lower  them  to  the  footwaj',  the 
winches,  &c.,  fixed  in  the  side-streets 
where  possible.  The  light  is  about 
26  ft.  6  in.  above  the  centre  of  the 
roadway  ;  the  lamps  are  chiefly  sus- 
pended at  the  junction  of  cross-streets. 
The  average  distance  apart  is  about 
104  ft.,  the  width  of  the  carriage- 
way about  50  ft. 

For  the  purpose  of  supphang  these 
lamps,  a  special  6-in.  main  was  laid  in 
King  William  Street  and  Cannon  Street, 
and  a  comjiressing  plant  installed  in 
one  of  the  vaults  beneath  the  northern 
approach  to  London  Bridge. 

The  lamps  were  of  the  new  Keith 
"  inverted  "  centrally  hung  type  ;  after 
the  experiment  had  been  running 
for  twelve  months  the  sj^stem  was 
approved  in  November,  1911,  by 
the  City,  and  directions  were  given  to 
extend  the  same.  This  decision  to 
relight  the  City  of  London  with  the 
most  modem  form  of  gas  and  electric 
lighting  will  result  in  saving  about 
£8,000  per  annum  out  of  an  annual 
lighting  bill  of  £21,000  ;  whilst  it  will 
double  the  illumination,  which  will 
be  distributed  in  a  proper  manner, 
instead  of  on  the  fronts  of  the  buildings. 

It  is  hoped  to  have  the  whole  of  the 
City  relighted  during  the  present  year 
of  office  of  the  Chairman  of  the  Streets 
Committee  (Mr.  G.  Gordon  Stanham). 
This  year  1913  sees  the  extension  of 
tlie  new  lighting,  the  Gas  Light  &  Coke 
Co.  laying  doA\Ti  steel  drawn  tubes, 
30  ft.  in  length  for  the  purpose  of 
conveying  high -pressure  gas. 

It  is  only  fitting  here  to  pay  tribute 
to  Mr.  Charles  Carpenter,  who  had 
produced    a    burner    for    testing    gas 
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which  was  at  last  to  displace  the 
"  old  brass  burner "  and  the  Sugg 
argand,  both  of  which  had  done  duty 
between  them  for  seventy  or  eighty 
years.  The  burner  was  fully  described 
by  Mr.  Carpenter  in  his  paper  before 
the  Institution  of  Gas  Engineers  in 
1906,  and  might  be  fittingly  termed 
the  bringing  to  a  close  of  one  of  the 


This  is  only  one  of  the  many  inven- 
tions with  whicli  Dr.  Carpenter  has 
enriched  the  gas  industry.  Sprinkled 
over  the  pages  of  the  technical  press 
are  records  of  his  many  inventions. 

In  1909  Dr.  Carpenter  patented 
another  very  interesting  burner,  whicli 
was  put  upon  the  market  at  the  end 
of   1911.     It  is  unique  in  that^it  has 


Fig.  2;").— Cannon  Street  Ligliting.    Centrally  hung  high-pressure  1,500  c.p.  "  Keith  "  lainp?. 


chapters  in  the  modem  history  of  gas 
lighting,  so  far  as  testing  and  public 
control  are  concerned,  for  under  the 
provisions  of  the  London  (Jas  Act,  1905, 
the  Metropolitan  No.  2  burner  (which 
is  Mr.  Carpenter's  invention),  Avas 
adopted  by  the  Metropolitan  Gas 
Referees,  and  is  becoming  the  pre- 
scribed burner  for  testing  gas  at  a  fixed 
rate  of  consumption  in  the  modern 
Gas  Acts  of  the  coimtrv. 


no  shutter  for  air  regulation,  so  that 
it  cannot  be  tam])ered  with  by 
unskilled  hands.  C)ncc  set,  the 
light  remains  constant.  With  the 
"  straight  "  gas  of  the  South  Metro- 
politan Gas  Co.  and  their  even  pressure, 
the  burner  is  an  imdoubted  success, 
but  so  far  as  pressure  is  concerned,  it 
has  a  radius  of  duty  between  twenty 
lOths  and  tiiirty  lOths  without  affect- 
ing   the    lighting.     I    have    had    the 
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privilege  of  seeing  the  burner  in  the 
making,    and    although    tliere    are    no 


Fig.  25.— The  "  Metro  "  burner. 


no  adjusters,  they  are  simply  slipped 
into  a  socket  and  held  in  position  by 
"  bayonet  points,"  somewhat  after  the 
manner  of  the  electric  lamp.  Such 
a  burner  had  the  advantage  that  it 
was  easy  to  clean,  which  in  London  or 
large  cities,  Avhere  there  is  so  much 
dust  in  the  air,  is  very  necessary. 

At  the  present  time  inverted  burners 
are  frequently  fitted  with  both  gas 
and  air  regulators,  in  order  to  adjust 
them   to   the   special  conditions,   such 


TWr     MKTt>OROUTA.N      AROANO     BURNER      Hi  i. 


Fk;.  2(;.-Dr.  Carpeuter's  testing  burner,  ''Metro- 
liolitan  No.  2." 

as  pressure  and  composition  of  the 
town  gas.  It  seems  to  me,  however, 
that  the  tjqDe  of  burner  that  would 
give  the  best  result  with  "  mixed  gas  " 
and  pressures  outside  the  range  men- 
tioned should  be  suppHed  to  con- 
sumers, and  I  beheve  the  "  Metro," 
when  away  from  its  ''  native  home," 
could    be    adjusted,    or    set,    to    those 

^      ^-      X.    ^,      ^         .  conditions. 

Fig.  2oa. — Dr.  Chas.  Carpenter.  ct  rrii        a^-       j?    i  "-.^^-^-^j 

'  The   A  ICO       low-pressure   mverted 

less    than    sixty-six    operations    in    its    burner,  which  was  brought  out  about 

manufacture,  the  finished  article  is  of    this  time  by  the  New  Inverted  Fittings 

a  very  simple  character ;    there  being    Compan}',   is   a   burner  of   very  good 
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duty,  and  is  described  in  detail  in  the 
late  edition  of  Mr.  Hole's  book.  It  is 
with  this  burner  tliat  the  side -streets 
of  the  City  of  London  are  to  be  lighted, 
displacing  the  upright  "  Kern  " 
burners.  The  "  Nico  "  low-j^ressure 
high-power  inverted  burner  of  1912 
calls  for  attention,  as  it  is  becoming 
a  rival  to  the  high-pressure  lamp  for 
outside  shop  window  lighting,  as  there 
is  no  comj)ressing  plant  needed,  and 
a  duty  is  obtained,  taking  in  considera- 
tion the  reflector,  of  something  ap- 
proaching the  neighbourhood  of  40 
candles   per   cubic   foot. 


Alfred  Mansfield,  of  Liverpool),  and 
many  other  very  excellent  burners  too 
numerous  even  to  mention  have  been 
brought  upon  the  market  to  meet 
special  requirements. 


Fig.  27.-The  City  of  London  piittern  (1!)]:5) 
"Nico"  low-pressure  lanip.  to  be  used  in  (he 
side-ctreets. 

Workshop    and    Factory    Burners. 

At  a  meeting  of  the  Manchester 
Association  of  Engineers,  held  on 
January  25th  this  year,  Mr.  Fninklin 
Thorp,  of  Manchester,  introduced  a 
special  burner  on  a  ''  Universal  "  fit- 
ting, fitted  with  a  special  reflector 
which  directed  the  liglit  on  the  object 
to  be  examined,  wliilst  completely 
shading  the  light  from  the  A\'orkman's 
eye  ;  and  tlie  fltting  allowed  the  light 
to  be  turned  to  any  position  required. 

The  "  Bland,"  "  Daeolite,"  "  King," 
•'  Gretzin  Welsbach,"  the  '■  Mansfield 
Pressure"  burner  (as  sent  out  for 
the  Calcutta  contract,  designed  by  ]\Ir. 


f'\- 


Fig.  28.— Worksliop  lamp  on  a  universal  tilting 
(Mr.  Franklin  Thorp). 


'^W^ 


I; 


Fig.  2Sa.— Rise  and  fall  pendant. 

Now,  no  sooner  has  a  burner  a 
year  or  two's  life,  than  it  becomes 
obsolete,  so  quickly  does  invention 
follow  invention.  This  has  been  par- 
ticularly so  with  respect  to  the  Keith 
high-pressure  burner  ;  ])ractically  every 
year  has  seen  an  advance.  Their  1913 
lamp,  recently  patented,  has  several 
interesting  features.  The  main  one 
(as  all  the  othei-s  seem  to  arise  from  it) 


228 


THE    ILLUMINATING   ENGINEER. 


"  is  the  enclosure  of  the  mantle  in  a 
fused  silica  globe  or  cylinder,  for  a 
1,500  c.-p.  lamp  is  little  bigger  than  an 
ordinary  tumbler,  it  having  been  found 
unnecessary  to  admit  secondar}'^  air 
in  a  well-designed  high-pressure  inverted 
street  lamp,  where  the  mixture  is 
highly  preheated,  in  order  to  obtain 
the  necessary  incandescence  of  the 
mantb."-'  By  this  method  of  excluding 
secondary  air,  and  confining  the  flame 


Fig.  29.— The  new  "Keith'  1, .500  candle-power 
gas  lamp  (one-sixth  scale). 

in  a  smaller  area,  resulting  in  a  higher 
flame  temperature,  it  is  claimed  that 
at  least  10  per  cent  net  increase  in 
efficiencj^  is  obtained,  after  allowing 
for  the  greater  absorption  of  light  by 
the  silica  as  compared  with  glass. 
The  result  is  a  small  lamj),  as  a  reflector 
will  no  longer  be  necessary,  nor  the 
large  and  expensive  globe,  by  the  aboli- 
tion of  the  large  globe  which  form  so 
large  an  item  in  maintenance,  and  the 
substitution  of  some  other  transparent 
substance  for  glass,  goes  a  long  way  to 

21  Journal  of  Gas  Lii/hting,  Jan.  18th,  1913, 
p.  451;  also  Gas  World,  Feb.  2-2ad,  1913, 
p,  225. 


mset  ]VIr.  Frank  Bailey's  wishes  for  a 
translucent  material  in  place  of  the 
heavy  glassware  now  used  in  the  semi- 
indirect  lighting  in  so  great  a  demand. 

Low-Pres.sfre  High-Power  Lamps. 
At  the  meeting  of  the  Yorkshire 
Junior  Gas  Association,  held  on  Febru- 
ary 22nd  this  year,  Mr.  W.  Dawes,  of 
Castleford,  giving  a  paper  on  this 
subject,  gave  an  illustration  of  two 
very  efficient  lamps  that  had  been 
under  his  notice,  viz.,  the  Welsbach 
'•  Emperor  "  and  the  Welsbach 
"  Pharos."  These  lamps,  with  the 
"  Xico  "  high-power  low-pressure  and 
the  "  Silva  "  lamp.  Math  others,  seem 
to  meet  the  need  of  those  who  do  not 
require  a  high-pressure  system  laid 
down. 

Upright  v.  Inverted  Burners. 
Quite    recently    some    of    the    large 
asylums    outside    London    have    been 
considering     the     relighting     of     their 
institutions,   and  are  hesitating  as  to 
A\hat    is    to    be    the    illuminant.     The 
asylum  I  have  in  mind  at  the  moment 
is    lighted    by   the    old    "  C "    upright 
incandescent    burners,    and    the    con- 
sumption   of    gas    is    2,000,000    cubic 
feet  per  annum.     Were  all  the  burners 
changed   to-morrow,    and   modern   in- 
verted   burners    installed    (I    am    not 
referring  to  any  particular  burner),  I 
am  informed  that  the  gas  consumption 
Mould  be  halved  and  the  light  nearly 
doubled ;    if  mc  take  the  effective  illu- 
mination   value    instead   of   the    light 
source,    the   increase   Avould   be   about 
50  per  cent,  as  shown  by  the   plottings 
of   tlie    polar   curves   that   have    been 
made    and    reduced   to    slides.     (Time 
prevents  my  showing  them  to-night.) 
The  moral  is  :    Get  rid  of  all  upright 
expensive     gas    consumption    burners 
(even  if  they  do   bring  in  heavy  gas 
accounts   to   the   companies),    and   in- 
crease tlie  Ught  at  less  cost  to  the  con- 
sumer  by  installing  the   modern  eco- 
nomical inverted  burner. 

I  have  spoken  much  about  old 
burners  in  use  in  the  early  days  of  the 
industry.  I  therefore  propose  to  put 
one  or  two  slides  on  the  sheet  showing 
that  the  makers  are  keeping  themselves 
abreast  of  the  times  —  the  semi- 
indirect      lighting     with      translucent 


CENTENARY   OF   GAS   LIGHTING. 


229 


dishes  referred  to,  and  so  familiar  in 
all  our  great  banks  and  insurance  offices, 
and  the  Holophane  scientific  glassware. 
This  form  of  lighting  neecl  not  be 
wholly  confined  to  electric  light,  but 
can  be  used  in  a  similar  manner  with 
the  inverted  burner  in  a  semi-indirect 
form. 

Before  leaving  the 
incandescent  mantle 
it    is    of    interest    to 

mention  the  ingenious 

Robinlyte  mantle- 
miking  machine.  Ac- 
cording to  this  system 

the  cotton   or    silk   is 

first  knitted  in  lengths 

of     "stocking"      and 

impregnated  with  rare 

earth  salts,  which  are 

then     dried      in     the 

usual    manner.       The 

stockings  are  then  put 

on    the   machine    and 

pulled    to     pieces    or 

unravelled,     and     the 

single  threads  brought 

together    on    a  mould 

tied     to    the     correct 

length     for      inverted 

burners,    and   cut  off. 

The    mantle    being    a 

collection       of      loose 

threads   no   collodion- 

izing  is  necessar3^ 


CONCLUSION. 

And  now  a  special 
a  c  k  n  o  w  1  e  d  g  m  e  n  t 
should  be  made  of 
my  indebtedness  to 
the  Technical  Press, 
i.e.,  the  Journal  of 
Gas  Lighting  and 
the  Gas  World  for 
their  assistance,  also 
for  the  help  re- 
ceived from  Mr. 
Thomas  Newbigging, 
Mr.  Charles  Hunt,  Mr.  H.  E.  Jones,  the 
Gas  Light  &  Coke  Co.,  the  .South 
Metropolitan  Gas  Co.,  the  Tottenham 
and  Kdmonton  Gas  Co.,  as  Avell  as  to 
Messrs.  Sugg  &  Co.  and  Messrs.  C!corg(> 
Bray  &  Co.,  of  Leeds,  and  the  various 


firms  in  the  industry  who  have  added 
to  the  interest  of  the  evening  by  con- 
tributing exhibits. 

I  should  like  to  conclude  my  remarks 
by  pointing  out  how  much'  the  Illu- 
minating Engineering  Society  can  do  for 
the  guidance  of  those  selling  and  those 
purchasing    illumination.     During    the 


Fig.  30.-The  " 
Tottenham,  outside 


Keith  "  II. P.  (l!)i:5)  globeloss  lamp,  High  Street, 
the  Tottenham  and  Edmonton  Gas  Co's  Offices. 

last  few  years  many  new  methods  of 
illumination  haxc  been  developed.  A 
great  variety  of  methods  are  at  the 
consumer's  di.sjio.sal,  and  it  is  no  easy 
matter  to  determine  when  and  hoiv 
each  particular  system  should  be  used. 
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And,  as  is  shown  by  some  of  the  latest 
public  lighting  contracts,  viz.,  the 
pubhc  hghting  of  Calcutta,  West- 
minster, Holborn — and  I  might  include 
the  arrangement  for  relighting  the 
City  of  London — it  is  not  "  current," 
or  "  gas,"  or  even  "  light "  that  is 
being  or  about  to  be  purchased,  but 
the  effect  of  light,  viz.,  illumination, 
and  that  illumination  distributed  in  a 


libraries,  shops,  and  printing  Avorks, 
"  Light  on  the  object,  not  in  the  eye," 
should  be  the  motto.  The  Society's  aim 
is  to  follow  the  public  taste,  whilst 
guiding  it  so  as  to  have  that  avoidance 
of  "  Glare,"  with  its  accompaniment 
"  Relative  Darkness."  The  customer 
is  now  concerned  with  illumination 
rather  than  consumption,  and  he 
has     to     be     considered     in    relation 


rendles  Produced  from  I  Cubic-Foct  of  Gas 

24  6  810     IS    20     2S    30    35    00     4^5    50    6S   60 


Candles  From  IC Ft  oF  Gas. 
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B.  Upright  Incan.  Burner  (low-pressure). 

C.  Inverted      ,,  ,, 
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E.  Upright  Burner  (high  pressure). 

F.  Inverted 


and  31a. — Showing  the  light  obtainable  from  1  cubic  foot  of  gas  per  hour  by 
various  methods. 
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Fig.  32.— Showing  tho  rise  in  effective  illumination  from  -uiirighi"  (upper  small  curve 
in  diagram)  burners  to  inverted  (lower  bigger  cin-ve  in  diagram). 


particular  manner  as  set  out  in  the 
specification — in  this  case  in  the  street, 
where  it  is  most  needed,  quite  apart 
from  the  light  source. 

In  the  same  way  with  regard  to 
indoor  lighting,  in  order  to  make 
the  best  use — and  prevent  the  misuse 
— of  lighting,  there  is  need  of  guidance 
which  only  such  a  Society  as  this  can 
give.    In  the  illumination  of   schools'. 


to  bis  need.  The  manufacturer 
decides  with  what  he  will  illu- 
minate his  factory,  and  having  settled 
on  gas,  he  needs  ad\ice  as  to  the 
correct  position  of  the  burner  with 
relation  to  the  work  to  be  performed. 
No  longer  does  he  intend  to  break  his 
neck  to  suit  the  burner ;  no  longer  is  it 
to  be  a  question  on  a  cash  basis,  but  of 
scientific  illumination. 
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An   Invitation    to    the    Gas    Industry. 


The  lecture  by  Mr.  W.  J.  Libert^', 
reproduced  in  the  previous  pages, 
should  serve  to  show  how  essential 
the  study  of  ligliting  has  noA\'  become 
to  the  gas  industry,  and  there  is  no 
doubt  that  in  tlie  future  the  import- 
ance of  the  subject  will  be  more  clearly- 
recognized. 

It  is  probable,  therefore,  that  many 
of  those  Avho  have  read  the  lecture  will 
desire  to  hear  more  of  the  work  of  the 
Illuminating  Engineering  Society.  Any 
one  A\'ho  is  interested  in  the  aims  of  the 


Society  is  eligible  to  ai)ph^  for  member- 
ship. 

We  hope  that  many  of  those  in  the 
gas  industry  Avill  take  this  opportunity 
to  do  so,  for  at  present  the  numerical 
proportion  of  members  interested  in 
gas  lighting  is  not  so  large  as  might 
be  desired.  Any  one  wishing  to  join 
the  Societv  should  fill  up  the  form  of 
application  on  the  opposite  page  and 
return  it  to  the  Hon.  Secretary  (Mr. 
L.  Gaster,  32,  Victoria  Street,  'S.W.), 
who  will  place  the  name  of  the  candidate 
before  the  Council  in  due  course. 


The  German  Illuminating  Engineering  Society. 


The  first  meetmg  of  the  German  Illu- 
minating Engineering  Societ}'  was  held 
on  February  25th,  when  an  address 
was  delivered  by  the  President,  Prof. 
Dr.  Warburg  (Director  of  the  Physik- 
alische  Technische  Reichsanstalt).*  Dr. 
Bunte  explained  the  constitution  of  the 
Council,  of  which  Geh.  Ober-Postrat 
Dr.  Strecker  is  Chairman,  and  Dr.  E. 
Liebenthal  reported  that  the  Society 
had  already  enrolled  211  members. 
We  are  glad  to  see  in  the  list  of  the  first 
Council  the  names  of  many  friends 
who  are  also  corresjjonding  members 
of  our  Society.  This  will  doubtless 
help  to  promote  co-operation  betAveen 
the  two  societies. 

Dr.  Warburg,  in  his  address,  laid  stress 
on  the  importance  of  international 
agreement  on  the  subject  of  units 
and  nomenclature  used  in  illuminating 
engineering,  and  committees  have  al- 
read}'  been  apj^ointed  to  deal  with  these 
subjects.  After  the  official  business 
had  been  transacted  a  lecture  on  '  Illu- 
mination and  the  Eye  '  was  dehvered 
by  Prof.  Dr.  O.  Lummer,  whose  work 
on  this  subject  is  of  course  well  knoAvn. 

On  the  occasion  of  this  first  meeting  a 
telegram  was  disiJatched  to  Prof.  War- 
burg exijressing  the  good  Avishes  of  the 


British  Illuminating  Engineering  So- 
ciety, and  receiA^ed  a  cordial  response. 
The  need  for  an  illuminating  engineer- 
ing society  to  represent  their  views 
and  proA-ide  for  international  co-opera- 
tion is  cA-ident,  and  avc  shall  look  forAvard 
to  the  forthcoming  meetings  of  the 
Society  Avith  keen  interest. 


1913. 


Zeiischri/t  fiir  Bdeuchtungswesen,  Feb.  28th, 


ERRATA. 
Our  attention  has  been  drawn  to  two  errors 
that  have  crept  into  recent  nnmbers    of    The 
Illuminating    Engineer,    and     which    we    now 
desire  to  rectify. 

The  notice  relating  to  the  amalgamation  of 
Messrs.  Moffats,  Ltd.,  and  the  British  Ross 
Mantle  Concern,  which  appeared  on  p.  .586  of  7'Ae 
Illuminating  Engineer  for  December,  1912, 
should  read  as  follows  : — 

'•The  businesses  of  Messrs.  Moffats,  Ltd.  (of 
13,  Farringdon  Road),  and  the  British  Ross 
mantle  concern  have  been  amalgamated  under  the 
name  of  Messrs.  Moffat,  Ross  A:  Co.,  Ltd.  The 
new  firm  has  been  transferred  to  Larger  and 
more  commodious  premises  at  209,  Upper 
Thames  Street,  E.G." 


The  sense  of  the  remarks  of  Mr.  A.  Blok  in  tlie 

discussion  of  the  paper  by  Messrs.  Clark  and  Mac- 
kinney  (T/iC  Illuminating  Engineer,  March,  1913, 
p.  147)  was  inadvertently  altered  by  the  omission 
of  several  words  in  the  last  paragraph  but  one  in 
the  first  column.  The  sentence  should  read  as 
follows  :  "  With  Mr.  Mackinney's  careful 
methods,  there  must  be  behind  these  curves  a 
vast  sujiply  of  valuable  data,  such  as  mean 
spherical  and  hemispherical  values,  absorption 
co-elticieats,  kc,  and  he  hoped  that  some  of 
these  would  be  put  on  record." 
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ANNUAL  SUBSCRIPTION,  ONE  GUINEA. 


All  Communications  should  he  addressed  to  : — 

L.  GASTER,  Hon.  Sec, 
32,  Victoria  Street,   London,  5.W. 


Application  for  Membership. 


The  members  of  this  Society  shall  be  designated  Members,  Honorary  Members,  and 
Corresponding  Members. 

A  Member  may  be  any  one  interested  in  the  objects  of  the  Society,  but  at  the  date  of 
election  shall  not  be  less  than  twenty-one  years  of  age. 

Ordinary,  Honorary,  and  Corresponding  Members  may  be  of  either  sex  and  of  any 
nationality. 

An  application  for  admission  to  the  Societj'  shall  be  made  in  a  form  prescribed  by  the 
Council,  and  shall  refer  to  at  least  two  Members  of  the  Society  ;  or  if  an  applicant  certifies  that 
he  is  not  personally  known  to  two  members,  references  may  be  accepted  to  Members  of 
professional  societies  of  good  standing,  or  to  other  persons  whose  good  standing  may  be  readily 
verified  by  the  Council.  If,  in  the  opinion  of  the  Council,  further  support  for  a  Member's 
candidature  be  considered  necessary,  the  recommendations  of  four  existing  Members  shall  be 
deemed  sufficient  ;  but  the  final  consideration  of  a  nomination  for  membership  rests  with  the 
Council.     [Extrdct from  Constitution,  see  Illuviinating  Engineer,  Lond-,  June,  1909,  p.  377-382). 

We  hereby  recommend  :— 


Name 


T 


Address 


Occupation,  &c. 


Date  and  Place  of  Birth. 


Here  state  name  in  full, 
date  and  place  of  birlh, 
rank,  profession  or  business, 
usual  place  of  residence 
and  qualifications  for  mem- 
bership of  the  candidate. 


as  a  fit  and  proper  person  to  become  a  member  of  the  IHuminating  Engineering 
Society. 


*Here  must  follow  the  names 
of  two  or  more  nominators, 
one  of  whom  must  have 
personal  knowledge  of  tho 
candidate. 


Date 

Nomination  approved  by  Council    

Date  of  Announcement  of  Nomination  I  JXZT '° ^' "'"' "' 

Date  of  Election 


234  THE    ILLUMINATING    ENGINEER. 


^\jt    Illuminating     ^ngin^mng     ^0^15, 

(Founded  in  London,  1909.) 


Abstracts  from  Constitution  and  Bye-Laws. 


NATURE  AND  AIMS  OF  THE  ILLUMINATING  ENGINEERING  SOCIETY. 

The  name  of  this  Association  shall  be  the  Illuminating  Engineering  Society. 

Its  objects  shall  be  the  advancement  of  the  theorj'  and  practice  of  illuminating  engineering 
and  the  dissemination  of  knowledge  relating  thereto.  Among  the  means  to  this  end  shall  be 
meetings  for  the  presentation  and  discussion  of  appropriate  papers  ;  the  publication  as  may  seem 
expedient  of  such  papers,  of  discussions  and  communications  ;  and  through  committees,  the 
study  of  subjects  relating  to  the  science  and  art  of  illumination,  and  the  publication  of  reports 
thereon. 

Also  the  organization  of,  or  participation  in  periodical  national  and  internatioDal  exhibi- 
tions of  developments  in  illumination,  and  congresses  dealing  with  the  subject. 

PUBLICATION    OF    PROCEEDINGS,    &c.,    OF    SOCIETY. 

Tfie  Illuminating  Engineer,  published  by  the  Illuminating  Engineering  Publishing  Co., 
Ltd.,  in  London,  shall  be  the  recognized  official  organ  of  the  Society. 

COOPERATION    WITH    OTHER    INSTITUTIONS,    &c. 

The  Council  shall  be  at  liberty  to  approach  or  to  entertain  and,  if  desirable,  accept 
overtures  from  other  Societies  and  Institutions  with  a  view  to  joint  discussions  of  subjects  of 
mutual  interest,  exchange  of  transactions,  and  co-operation  to  secure  Governmental  action,  for 
the  advancement  of  the  objects  of  the  Society. 

FEES    AND    SUBSCRIPTIONS. 

The  annual  subscription  (one  guinea)  is  payable  in  advance.  Applications  for 
subscriptions  shall  be  sent  out  quarterly  by  the  Hon.  Secretary. 


I,  the  undersigned,  desire  to  become  a  Member  of  the  Illuminating 
Engineering-  Society,  and  hereby  promise  that,  if  elected,  I  will  submit 
and  conform  in  all  respects  to,  and  be  governed  by,  the  terms  and 
provisions  of  the  Constitution  and  the  Bye-Laws  made  in  pursuance 
thereof ;  provided  that  whenever  I  shall  signify  in  writing  to  the 
Hon.  Secretary  that  I  am  desirous  of  ceasing  to  be  a  Member 
thereof,  I  shall  be  free  from  this  obligation,  after  payment  of  any 
Annual  Subscription  or  arrears  which  may  be  due  from  me  at  that 
period. 

Signature  of  Candidate 


Date. 
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EDITORIAL. 
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The  Standard  Specification  of  Street  Lighting. 

On  pp.  241-57  readers  will  find  the  paper  presented  by  Mr. 
Trotter  at  the  last  meeting  of  the  Illuminating  Engineering 
Society.  We  share  the  general  admiration  for  the  masterly  way 
in  which  Mr.  Trotter  has  dealt  with  this  subject,  with  which  he 
has  been  so  long  identified. 

It  may  be  mentioned  that  Mr,  Trotter  was  invited  to  read 
a  paper  on  Street  Lighting  early  in  the  year,  but  the  date  was 
deferred  in  the  anticipation  that  the  Report  of  the  Joint  Com- 
mittee would  be  made  public  later.  Events  subsequently  occurred 
which  led  the  Joint  Committee  to  regard  this  as  an  excellent 
opportunity  of  publishing  their  Report,  and  of  making  use  of  the 
neutral  platform  of  the  Illuminating  Engineering  Society  for  an 
open  discussion. 

In  this  number  we  are  publishing  the  discussion  at  the  meeting 
of  the  Society  on  April  15th,  together  with  the  communications 
received  from  various  authorities  on  the  Continent  and  in  the 
United  States.  We  propose  to  print  the  remainder  of  the  discus- 
sion in  our  next  issue,  and  we  shall  then  take  the  opportunity  of 
making  some  further  remarks  on  the  subject. 
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Electric  Lighting  in  the  City  of  London. 

The  paper  on  this  subject  read  before  the  Royal  Society  of 
Arts  by  Mr.  Frank  Bailey  on  April  nth  contained  a  most  inter- 
esting account  of  the  development  of  electric  supply  in  London. 
It  must  have  come  as  a  surprise  to  many  people  to  reahze  to  what 
proportions  the  supply  of  electricity  in  London  has  grown  during 
the  last  ten  years  ;  though  it  still  falls  far  short  of  some  of  the 
great  American  manufacturing  cities. 

This  development,  be  it  noted,  has  taken  place  during  a 
period  when  the  gas  companies  have  also  been  extending  very 
rapidly.  This  confirms  what  was  said  regarding  Mr.  Liberty's 
lecture  last  month — that  there  is  ample  room  for  both  industries 
to  exist  side  by  side. 

During  the  year  1912  approximately  300  milhon  units  were 
supplied  in  all,  and  of  this  practically  half  was  used  for  lighting. 
It  will  be  seen,  therefore,  that,  contrary  to  the  impression  some- 
times given,  lighting  still  provides  a  very  substantial  source  of 
revenue  which  cannot  be  neglected  by  the  electrical  supply  com- 
panies. Moreover,  in  spite  of  the  introduction  of  the  metalhc 
filament  lamp,  the  supply  of  energy  for  lighting  has  increased 
very  rapidly  during  the  last  ten  years.  We  should  like  to  echo 
Mr.  Bailey's  remarks  as  to  the  importance  of  scientific  illumination 
to  the  electrical  industry.  Encouragement  of  improved  methods 
of  lighting,  new  units,  and  the  discovery  of  novel  applications  of 
light  will  be  well  repaid.  In  these  days  each  good  installation 
acts  as  a  valuable  permanent  advertisement  which  no  company 
can  afford  to  ignore.  On  the  other  hand,  we  would  urge  on  those 
concerned  in  the  sale  and  manufacture  of  incandescent  lamps  the 
need  for  a  little  caution  and  foresight  in  their  future  policy.  It 
has  taken  some  years  for  the  companies  to  adjust  themselves  to 
the  entirely  changed  conditions  brought  about  by  the  metallic 
filament  lamp,  and  it  is  only  reasonable  that  there  should  be  a 
little  respite  before  further  radical  departures  are  made. 

We  observe  that  a  sudden  reduction  has  recently  been  made 
in  the  price  of  Continental  lamps.  While  recognizing  the  benefit 
to  the  industry  of  cheapening  this  commodity,  we  could  wish  that 
the  efforts  of  manufacturers  were  devoted  to  supplying  a  better 
and  stronger  lamp  at  the  present  price,  rather  than  embarking 
upon  indiscriminate  price-cutting.  Changes  such  as  those  we 
have  seen  in  the  last  ten  years  are  absolutely  essential  to  the 
prosperity  of  the  industry.  But  they  should  be  carried  out  in  a 
considerate  and  gradual  manner,  so  that  the  lamp  maker,  the 
supply  company,  and  the  consumer  may  all  share  in  the  profit. 
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Colour  Photometry  and  the  Neon  Tube. 

The  physiological  peculiarities  of  the  eye  met  with  in  the 
comparison  of  light  of  different  colours  are  not  usually  regarded 
as  being  of  much  commercial  importance.  Broadly  speaking,  up 
to  the  present  time  this  has  been  true,  and  such  phenomena  have 
not  received  much  notice,  except  in  the  work  of  Dr.  Ives 
and  a  few  other  workers  in  photometry. 

But  the  introduction  of  new  gaseous  illuminants,  such 
as  the  mercury  vapour  lamp,  the  nitrogen  and  carbon  dioxide 
Moore  tubes,  and  the  neon  lamp  recently  devised  by  M.  Claude 
in  France,  puts  the  matter  in  a  somewhat  different  light.  The 
mercury  lamp  contains  yellow,  green,  and  blue  rays,  but  practi- 
cally no  red.  The  radiation  of  the  Neon  tube,  on  the  other  hand, 
is  mainly  red  and  orange.  The  difficulty  of  comparing  colours  so 
widely  different  as  these  is  considerable.  A  striking  paper  by  MM. 
Broca,  Jouast,  and  Laporte*  contains  the  results  of  some  tests  of 
the  Neon  tube  which  suggest  that  the  Purkinje  effect  can  by  no 
means  be  ignored  ;  and  that  differences  of  loo  per  cent  between 
the  readings  of  different  observers  may  readily  be  produced. 
Probably  the  more  general  use  of  coloured  light  for  decorative 
purposes  in  the  near  future  will  bring  these  problems  still  more 
to  the  front,  and  they  will  have  to  be  taken  in  hand  in  earnest 
sooner  or  later. 

On  another  occasion  we  should  like  to  say  something  of  the 
other  experiments  described  by  Dr.  Broca  and  his  colleagues.  It 
appears  that  sources  giving  line  spectra,  such  as  the  Neon  tube, 
may  be  favourable  to  acuteness  of  vision.  On  the  other  hand,  the 
opinion  is  expressed  that  it  may  not  be  desirable  for  the  eye  to 
be  exposed  for  long  periods  to  monochromatic  light,  and  that 
some  forms  of  radiation,  such  as  the  ultra-violet  rays,  should  be 
handled  with  special  care — a  conclusion  which  is  supported  by 
the  experiences  of  early  workers  with  Rontgen  rays. 

The  Planning  of  Buildings  and    the  Provision  of   Artificial 

Illumination. 

The  Building  Exhibition  held  at  Olympia  during  the  past 
month  afforded  an  excellent  opportunity  of  bringing  the  subject  of 
illumination  before  the  notice  of  architects  and  builders,  who  are 
now  coming  to  regard  lighting  as  a  matter  of  some  consequence, 
to  be  thought  out  carefully  before  the  building  is  completed,  and 
not  left  to  the  very  last  moment.  We  were  also  glad  to  observe 
that  the  illumination  of  the  stalls  was  distinctly  better  than  at 
many  previous  exhibitions  of  the  kind. 

*  'Bull.  Soc.  Int.  des  Electricicns,'  Feb.,  1913. 
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An  interesting  paper  read  by  Mr.  H.  D.  Lanchester,  F.R.I. B.A., 
before  the  Royal  Society  of  Arts,  on  April  23rd,  aptly  illustrated 
this  point.  Mr.  Lanchester  dealt  with  the  design  and  archi- 
tectural treatment  of  shops,  pointing  out  the  special  structural 
difficulties  created  by  the  necessity  of  allowing  so  much  space  for 
plate-glass  windows.  In  the  concluding  section  of  his  paper  Mr. 
Lanchester  emphasized  the  fact  that  we  are  very  far  from  having 
reached  finality  in  shop  lighting;  and  Sir  Arthur  Liberty,  the 
Chairman,  and  other  prominent  architects  who  joined  the  discus- 
sion agreed  with  the  author  as  to  the  "  restless  effect  "  of  a  multi- 
plicity of  lighting  points  and  the  need  for  more  artistic  and  judicious 
methods. 

We  are  glad  to  have  this  expression  of  opinion  on  the  part  of 
the  architects,  who  are  in  a  position  to  secure  that  the  lighting  is 
considered  at  a  reasonably  early  stage  in  the  planning  of  the 
building.  In  the  case  of  large  departmental  stores  the  lighting  is 
a  most  valuable  means  of  attracting  and  holding  custom,  and 
there  are  many  possibilities  in  the  way  of  novel  and  artistic 
methods  of  illumination  that  have  hardly  been  touched  as  yet.  Not 
infrequently  slight  modifications  in  the  architectural  design  would 
enable  remarkable  results  to  be  obtained.  What  is  needed  is 
for  the  architect  to  take  the  expert  on  illumination  into  his  con- 
fidence at  an  early  stage  in  the  design  of  the  building,  so  that  both 
the  illumination  and  the  style  of  the  interior  can  be  worked  out 
together,  the  lighting  thus  being — as  it  should  be — an  integral 
part  of  the  whole  design. 

Royal   Institute   of  Public   Health  :     Paris  Congress. 

During  Whitsun  week  the  Annual  Congress  of  the  Royal 
Institute  of  Public  Health  is  to  take  place  in  Paris.  The  meeting  is 
under  the  patronage  of  the  French  Government,  and  will  doubt- 
less be  an  important  one.  Readers  will  have  observed  from  the 
note  published  in  our  March  number  (p.  154)  that  a  special  section 
has  been  arranged  dealing  with  industrial  hygiene.  This  section  will 
be  presided  over  by  Sir  Thomas  Oliver,  and  the  writer  has  been 
asked  to  open  a  discussion  on  '  Lighting  as  a  Health  Factor  in 
Occupation,  and  its  Influence  on  the  Prevention  of  Accidents.' 

It  will  be  seen,  therefore,  that  the  hygienic  aspects  of  illu- 
mination are  very  much  to  the  fore.  It  is  a  gratifying  precedent 
for  a  special  discussion  on  illumination  to  be  organized  at  an 
important  meeting  such  as  this,  and  we  hope  that  in  the  future 
it  will  become  a  regular  feature  of  congresses  on  hygiene.  Light 
is  surely  one  of  the  most  potent  influences  on  the  health  of  man- 
kind. It  would  be  difliciiU  to  find  any  cause  appealing  to  a  wider 
circle,  and  influencing  directly  a  larger  section  of  the  public 
than  good  illumination.  Leon  Gaster. 
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(Founded  in  London.  1909.) 

The  Illuminating  Engineering  Society  is  not,  as  a  body,  responsible  for  the  opinions 
expressed  by  individual  authors  or  speakers. 

A  Draft  Standard   Specification  for  Street  Lighting. 


A  MEETING  of  the  Society  was  held  at 
the  house  of  the  Royal  Society  ot  Arts 
at  8  P.M.  on  Tuesday,  April  15th,  the 
chair  being  taken  by  Mr.  F.  W.  Good- 
enough.  The  minutes  of  the  last 
meeting  having  been  taken  as  read, 
the  names  of  applicants  for  member- 
ship were  presented  in  the  usual  way, 
and  the  chairman  then  called  upon 
Mr.  A.  P.  Trotter  to  read  an  abstract 
of  his  paper  entitled  '  Standard  Clauses 
for  Inclusion  in  a  Specification  of  Street 
Lighting.'  In  introducing  the  lec- 
turer he  recalled  that  the  question  of  a 
standard  specification  for  street  lighting 
had  been  under  consideration  by  a 
joint  committee,  consisting  of  the 
Institutions  of  Gas,  Electrical,  Muni- 
cipal and  County  Engineers,  and  the 
Illuminating  Engineering  Society.  Ad- 
vantage had  now  been  taken  of  the 
impartial  platform  of  the  Illuminating 
Engineering  Society  in  order  to  provide 
an  opportunity  for  a  general  discussion 
on  the  subject,  and  they  were  most 
fortunate  in  receiving  a  paper  from 
such  an  authorit}-  as  Mr.  A.  P.  Trotter. 
Mr.  Trotter  then  proceeded  to  give 
a  summary  of  the  contents  of  his  paper, 
which  had  already  been  printed  and 
circulated.  (This  paper  will  be  found 
in  extenso  on  pp.  241-257.)  He  ex- 
plained some  of  the  conflicting  views 
that  the  Committee  had  been  endea- 
vouring to  reconcile,  and  pointed  out 
the  distinction  that  had  been  draA\n 
between  the  illumination  of  important 
streets,  and  the  lighting  of  less  import- 
ant street.s  M'hich  Avas  more  in  the 
nature  of  '"  beacon  lighting."  He  also 
discussed  the  question  whether  candle- 


power  or  illumination  should  be  mea- 
sured, and  showed  how  this  had  been 
dealt  with  in  a  special  clause  in  the 
draft  specification.  He  hoped  that 
the  discussion  would  be  treated  in  as 
broad  a  manner  as  possible.  A  speci- 
fication of  this  kind,  to  be  of  permanent 
benefit,  should  be  applicable  to  the 
whole  country  ;  it  was  therefore  very 
desirable  to  get  as  near  unanimity  as 
possible,  and  to  recognize  that  the 
present  tentative  specification  Mould 
naturally  be  in  the  nature  of  a  com- 
promise. 

The  Chairman  then  called  upon 
Mr.  Patchell,  the  Chairman  of  the 
Joint  Committee,  to  open  the  dis- 
cussion, and  to  propose  a  vote 
of  thanks  to  the  author.  Mr.  Patchell 
explained  the  circumstances  that 
had  led  the  Committee  to  take 
advantage  of  the  paper  by  Mr. 
Trotter  to  present  the  specification 
for  open  discussion.  He  made  special 
reference  to  the  work  of  the  surveyors 
on  this  committee,  pointing  out  how 
their  classification  of  streets  had  co- 
incided exactly  with  the  grou})ing 
based  on  measurements  of  illumina- 
tion. 

An  interesting  discussion  then  fol- 
lowed, m  which  Mr.  J.  G.  Clark,  Mr. 
John  Darch,  Mr.  K.  Edgcumbe,  Mr. 
Haydn  I T.  Harrison,  Mr.  Franklin 
T.  Thorp,  and  Mr.  Robert  Watson  took 
part. 

Several  communications  received 
from  authorities  in  the  United  States 
and  on  the  Continent  also  appear  in 
this  number  (see  pp.  272-279). 
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The  Chairman  then  announced  that, 
m  order  to  provide  opportunity  for  as 
full  discussion  of  the  paper  as  possible, 
it  had  been  decided  to  devote  a  second 
evening  to  the  discussion,  which  would 


be  resumed  on   Tuesday,  April  29th,  i 
at    7.30    P.M.      This    terminated    the- 
proceedings,  and  most  of  those  present 
adjourned  to    ttie  library,    where    teaj 
and  coffee  were  provided.  ' 


New  Members   of  the  Society. 


The  names  of  the  apj^licants  for  meniberslaip,  read  out  at  the  previous  meeting  on 
March  11th,*  have  now  been  formally  announced  for  the  second  time,  and  these 
gentlemen  were  declared  Members  of  tlie  Ilhiminating  Engineering  Society.  In 
addition,  the  names  of  the  following  gentlemen  have  been  duly  submitted  and  approved 
by  the  Council,  and  were  read  out  by  the  Hon.  Secretary  at  tlie  meeting  of  the  Society 
on  April  loth  : — - 


Ordinary  Members  : — 
Aldrich, 


T.  H. 


Bohle,  H. 
Bond,  J. 
Cross,  W. 

Dumont,  E.  S. 

Helps,  D.  H. 

Hollanda,  R.  de 
Mostyn,  R.  J.  F. 


Tucker,  A.  G., 
A.M.I.E.E. 
Walker.  R.  E. 


Engineer.  National  X-Ray  Reflector  Co., 
235,  West  Jackson  Building,  Chicago, 
U.S.A. 

Professor  of  Electroteclinics,  South  African 
College,  Capetown,  S.  Africa. 

Engineer  and  Manager,  Gas  Works,  South- 
port. 

Electrical  Contractor,  Messrs.  Falconer, 
Cross  &  Co.,  7  and  9,  Ridley  Place, ' 
Newcastle.  1 

Electrical  Engineer,  Benjamin  Electric  Co.,  i 
Ltd.,  31,  Peter  Street,  London,  W.       ' 

Engineer,  The  Gas  Works,  King's  Road,! 
Reading. 

6,  Tavistock  Square,  London. 

Electrical  Engineer,  Assoc,  of  Inst,  of 
Elec.  Engmeers,  SandoMTi,  St.  Minverj 
Road,  Bedford.  | 

Electrical  Engineer,  71,  Grant  Street, 
Glasgow,  W. 

Elec.  Engineer  and  Contractor,  Wide- 
marsh  Street,  Hereford. 


*  Ilium.  Eii'j.,  Lond.,  April,  1!)13,  p.  171. 


OFFICIAL    NOTICE   OF 
ANNUAL    GENERAL    MEETING. 


The  ANNUAL  GENERAL  MEETING  will  take  place  at  the  House  of  thei 
Royal  Society  of  Arts  (18,  John  Street,  Adelphi,  London,  W.C),  on  TUESDAY, 
JUNE  3rd,  at  5.30  p.m.,  when  the  Report  of  the  Council  for  the  past  Session 
will  be  presented. 

It  is  hoped  that  all  members  will  make  a  special  effort  to  be  present. 
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Standard   Clauses  for  Inclusion  in  a  Specification  of  Street 

Lighting. 


By  a.  p.  Trotter. 


[This  paper  was  presented  at  a  Meeting  of  the  Society,  held  at  the  House 
of  the  Royal  Society  of  Arts,  18,  Jolin  Street,  Adelphi,  London,  on  Tuesday 
April  l^th,  at  8  p.m.,  a  special  invitation  being  issued  to  Members  of  the  Ilkuninating 
Engineering  Society,  Institution  of  Electrical  Engineers,  Institution  of  Gas  Engineers, 
and  Institu^tion  of  Municipal  and  Covmty  Engineers  to  take  part  in  the  discussion.] 
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A.  Standard  Clauses  for  inclusion 

in  a  Specification  of  Street 
Lighting. 

B.  Draft  Requirements  for  a  Street 

Photometer. 

Standardization. — One  of  (lie  Icaluros 
of  engineerinjij  industry  of  the  {jresent 
century  lias  Ijeeu  the  eiTort  to  stand- 
ardize. It  Mas  i)redieted  that  it  would 
l)e  diflicult  to  induce  eoni])elinL^  luanu- 
facturers  to  meet,  and   that  it  anouUI 


be  impossiljle  for  them  to  agree.  So 
wrong  were  these  anticipations  that, 
in  some  cases,  standardization  has  been 
overdone.  In  others  it  has  been  pre- 
mature and  ill-advised. 

It  has  been  said  that  consulting  engi- 
neers need  more  standardizing  than 
any  one  else  ;  while  these  reply  that, 
witli  a  set  of  standard  specifications, 
a  model  form  of  conditions  for  con- 
tracts, and  the  services  of  the  National 
Physical  Laboratory,  there  wdll  be 
notliing  left  for  the  consultant  but  the 
witness -box. 

Standardizing  implies  compromise  or 
give-and-take  between  conflicting  in- 
terests. The  essential  end  to  l)e  stand- 
ardized must  be  distinguished  from 
the  means  to  that  end.  To  standardize 
details  is  likely  to  hinder  progress  and 
to  check  orginality. 

The  Joint  Committee. — ^In  the  discus- 
sion on  the  pa]ier  read  by  I\Ir.  Haydn 
T.  Harrison  before  the  Institution  of 
Electrical  Engineers  on  Noven\bei-  24th, 
1 9 10,  it  was  suggested  by  Mr.  C.  P. 
Sparks  that  '"  tlie  Institution  Asould  do 
a  great  public  service  ])y  appointing 
a  Committee  which  would  draw  up  a 
standard  specification  for  street  light- 
ing....The  specification  should  be 
dra^\n  up  on  broad  lines,  taking  into 
consideration  not  only  the  electrical 
and  gas  interests,  but  also  what  is 
wanted  in  the  public  interest." 

A    preliminary    memorandum    Avas 


242 


THE  ILLUMINATING   ENGINEER. 


prepared  in  January,  1911,  by  Mr. 
Frank  Bailey,  describing  the  ordinary 
rule-of-tliumb  contracts  per  lamp  and 
the  vague  reference  to  candle-power 
witliout  mention  of  angles  or  position 
of  test,  and  the  advantage  of  specifying 
that  Mhicli  has  really  to  be  paid  for, 
namely,  the  actual  hglit  given  where  it 
is  required,  or,  in  other  words,  illumina- 
tion. The  memorandum  went  on  to 
indicate  the  lines  on  Avhich  a  tender  for 
street  lighting  might  be  drawn,  and 
a  first  draft  of  heads  of  agreement  on 
these  lines  was  provisionally  settled  at 
a  meeting  on  January  24th,  1911. 

The  following  is  a  list  of  the  members 
of  the  Joint  Committee  :  — 

Rejyfesenting  the  Inslitviion  of  Electrical 
Engineers. 
Mr.  W.  H.  Patchell.  Cliairman. 
Mr.  Frank  Bailey,     Prof.  J.  T.  Morris, 
Mr.  K.  Fdgcumbe,    Mr.  S.  L.  Pearce, 
Mr.  8.  Z.  de  Ferranti, 

Mr.  H.  F.  Proctor, 
Mr.  H.  T.  Harrison,  Mr.  A.  P.  Trotter. 

Representing  the  Institution  of  Gas 

Engineers. 

Mr.  W.  Doig  Gibb  (resigned  Dec,  1911). 

Mr.  S.  Y.  Shoubridge,      Mr.  R.  Watson. 

Represent i7ig  the  Institution  of  Municipal 

and  County  Engineers. 
Mr.  E.  J.  Elford,       Mr.  T.  W.  A. 

Hay  ward, 
Mr.  G.  F.  Carter,       Mr.  E.  B.  B! 

Newton, 
Mr.  X.  Scorgie. 

Representing)  the  Illuminating  Engineer- 
ing Society. 
Prof.  .Si  1\  anus  P.  Thompson, 
Mr.  L.  ({aster,  Mr.  J.  W.  Ife, 

Mr.  F.  W.  Goodenough, 

Mr.  A.  H.  Seabrook 
(resigned    Nov., 
1911). 

Independent    Member    co-opted    by    the 
Committee. 
Mr.  J.  W.  Bradley. 
At  an  early  stage  it  was  settled  that, 
if  a  draft  specification  could  be  agreed 
upon,   it  should   be  presented   by  the 
delegates   of  each  Institution   to"  tlieir 
Council,  and  that  until  these  had  taken 
action  the   deliberations   of   the   Com- 
mittee should  be  in  private. 


At  a  meeting  on  March  7th  the  draft 
was  further  discussed,  and  it  was  pro- 
visionally agreed  :  (1)  The  specifica- 
tion to  be  based  on  illumination,  the 
unit  to  be  the  foot-candle.  (2)  The 
standard  of  comparison  to  be  the  mini- 
mum horizontal  illumination  at  a  height 
of  3  ft.  3  in.  above  the  ground  level. 
(3)  The  maximum  horizontal  illumina- 
tion at  a  height  of  3  ft.  3  in.  above  the 
ground  level  shall  not  be  more  than  — 
times  the  minimum.  (4)  When  the 
horizontal  illumination  cannot  be  con- 
venientl}^  measured,  or  is  below  the 
useful  range  of  the  instrument  available, 
it  may  be  calculated  from  observed 
data. 

At  this  meeting  several  members 
raised  objection  to  basing  the  specifica- 
tion on  illumination  instead  of  candle- 
poAver  ;  and  it  was  agreed  that  the 
author  should  prepare  a  statement  sup- 
porting the  first  clause,  and  that  Mr. 
H.  T.  Harrison  should  prepare  a  state- 
ment of  objection  to  it.  This  account 
of  the  Mork  of  the  Committee  will  now 
be  interrupted,  and  an  attempt  will 
be  made  to  present  and  to  amjilify  the 
two  statements,  and  to  discuss  in  as 
impartial  a  manner  as  possible  the 
general  subject  which  was  debated  at 
some  seventeen  or  eighteen  meetings. 
In  doing  this  mathematical  treatment 
will  be  suppressed,  and  details  of  photo- 
metry will  be  avoided  as  much  as 
possible. 

Competition  in  Street  Lighting. — 
Until  the  beginning  of  the  present 
century,  althougli  gradual  improve- 
ments had  been  taldng  place  in  both 
electric  and  gas  lighting,  the  demand 
for  better  street  illumination  was  insig- 
nificant. As  in  certain  other  develop- 
ments of  civilization,  this  demand  Avas 
created  by  the  suppl3^  More  powerful 
lamps,  owing  their  existence  to  research 
stimulated  by  competition,  were  offered 
b}^  the  makers  before  they  were  asked 
for  by  the  purchasers.  During  the  last 
fcAv  years  a  real  necessity  for  better 
street  lighting  has  arisen,  owing  to 
the  increasing  speed  of  motor  traffic. 
Neither  the  gas  nor  the  electrical  engi- 
neer is  afraid  of  competition  ;  on 
the  contrary,  they  thrive  on  it  ;  and 
the  public  gain  more  than  anybody, 
though    they    know    notliing    of     the 
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science,  of  the  art,  or  of  the  sport  of 
the  struggle.  In  a  great  contest  sport- 
ing instinct  calls  for  the  laws  of  battle 
and  the  rules  of  the  game.  In  this 
spirit  delegates  from  opposing  camps, 
captains  from  rival  schools,  met  round 
a  table  to  devise  a  broad  standard 
specifi3ation  for  street  hghting. 

llluminalion.  — Illumination  depends 
on  the  quantit}-  of  light  falling  on  or 
received  by  a  surface.  It  has  nothing 
to  do  witl)  the  colour  or  reflecting  power 
of  a  surface.  A  surface  facing  a 
source  of  light  of  I  candle-power  and 
at  a  distance  of  I  ft.  from  it,  or  16 
candle-power  at  4  ft.,  or  100  candle- 
power  at  10  ft.,  receives  unit  illumina- 
tion, and  this  is  called  I  foot-candle. 
The  surface  may  be  a  chessboard  with 
black  and  white  squares,  or  a  looking- 
glass  :    it  receives  unit  illumination. 

The  brightness  of  an  unpolished  sur- 
face depends  on  tAvo  factors — the  illu- 
mination, and  the  proportion  of  light 
which  the  surface  can  reflect.  A  dark 
grey  surface  reflecting  5  per  cent  of  the 
light  falling  on  it  may  have  exactly  the 
same  appearance  as  a  pale-grey  surface 
reflecting  25  per  cent  if  the  former 
receives  five  times  as  much  illumina- 
tion as  the  latter.  The  qualit}^  called 
brightness  (or  surface -brightness,  to 
distinguish  it  from  the  intrinsic  bright- 
ness of  a  self-luminous  or  translucent 
body)  is,  tlierefore,  a  product  of  the 
two  factors  illumination  and  the  co- 
efficient of  diffused  reflection. 

Sir  Wilham  Preece,  in  his  Reports  to 
the  Streets  Committee  of  the  City  of 
London,  in  June  and  August,  1884, 
pointed  out*  that,  if  the  illumination 
is  up  to  a  certain  specified  standard, 
it  does  not  concern  the  public  whether 
it  is  produced  by  a  few  lamps  of  large 
candle-power  or  by  more  lamps  of  less 
candle-power,  or  whether  tall  or  shorter 

*  "Tlie  photomctprs  in  coinmon  use  eiiHMeone 
t(inifii.-iiro  the  iiitiMiniy  of  a  somcei.f  liglit  on)}-, 
tliiit  is.  they  lull  IKS  that  a  ^as  iiuii])  is  p(iual  to 
1(1  <ir  IT)  CMiullcs.  oran  cl(  ctiic  arc  lamp  is  e(|iial 
to  M)  or  1, .-,!)()  candles,  bnt  they  do  not  tell  us 
the  IIInniinHiion  of  the  centre  of  the  roadway  of 
a  Urect,  or  the  side  of  a  house,  or  the  window  of 
a  si. op,  when  li,i,'l,ted  by  many  lam])s  of  diflereut 
kinds  and  in  various  positions.  I  wantecl  to 
determine  liow  a  street  was  lighted  hy  mc.-isuiing 
the  illumination  of  its  surface  at  any  si)ot.  (jnite 
irresi)ective  of  the  way  in  which  that  illu- 
mination was  produced."— I'reliminarv  Kei)ort. 
June  1th,  1884,  p.  23, 


posts  are  used,  within  certain  Limits- 
The  lamps  must,  of  course,  be  so 
arranged  that  they  are  free  from  glare, 
and  must  be  placed  to  the  satisfaction 
of  the  surveyor,  so  that  they  do  not 
interfere  wdth  the  traffic  or  with  the 
amenities.  While  the  surveyor,  there- 
fore, should  have  a  voice  also  in  the 
maximum  and  minimum  height  of  the 
lamps,  in  practice  this  will  be  found,  in 
most  cases,  to  take  care  of  itself.  It 
remains  for  the  contractor  to  settle 
the  candle-power,  the  polar  distribu- 
tion, the  kind  of  reflector  or  lantern, 
and  other  details.  Where  existing 
lamp-posts  are  to  be  used,  his  task  is 
generally  more  simple. 

Objections  to  the  Illumiiiation  Basis. 
— One  of  the  objections,  from  a  con- 
tractor's point  of  Adew,  to  the  illu- 
mination basis  of  a  specification  is 
that  it  gives  him  some  trouble  in  caku- 
lating  and  designing  the  scheme.  A 
contractor  of  the  old  school  would  like 
a  laboratory  test  of  candle-power  on 
a  sample  lamp,  and  he  could  then  turn 
them  out  by  the  hundred.  He  is  now 
aAS'are  that  the  polar  curve  of  light 
distribution  must  be  taken  into  account, 
or,  at  all  events,  the  candle-power  at 
certain  specified  angles.  Such  a  con- 
tractor holds  that  the  means  should  be 
separated  from  the  end.  It  is  his 
business  to  sell  the  lamps,  and  in  some 
cases  to  provide  the  electric  supply  or 
the  gas,  but  he  considers  that,  so  long 
as  the  lamps  give  the  specified  candle- 
power,  his  responsibilities  should  end 
there,  and  the  purchaser  must  arrange 
the  lighting  to  suit  the  needs  of  the 
case.  "  Tell  me,"  he  says,  "  hoAv  many 
lamps  you  want,  and  of  Avhat  candle- 
power,  and  I  will  supply  tliem  ;  l)ut 
don't  bother  me  with  mathematical 
tables,  nor  worry  me  Avith  cosines,  and, 
for  Heaven's  sake,  don't  drag  in  Itt." 
This  school  of  contractor  is  not  to  be 
disparaged.  He  knows  his  business, 
he  has  done  what  he  has  been  asked  to 
do  :  we  are  building  on  the  founda- 
tions that  he  has  laid. 

On  the  other  side  is  the  municipal  or 
county  engineer  or  surveyor.  Experi- 
enced men  of  this  ])r()fession  have 
studied  the  needs  of  tlieir  district, 
Icnow  what  the  contractors  can  ])rovide, 
and  understand  how  to  use  it  w  hen  they 
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]iave  got  it.  It  is  to  them  that  we 
should  naturally  turn  for  advice  about 
a  specification  for  street  lighting.  But 
we  find  that  wliile  each  man  knoAvs  his 
own  job,  he  sometimes  has  a  difficulty 
in  appreciating  the  needs  of  a  totally 
different  district,  and  caimot  generahze, 
or  even  explain,  the  principles  on  Avhich 
he  successfull}'  designs  liis  street  light- 
ing. He  mav  classify  lamps  as  giving 
3,000,  l,80a,\300,  180,  and  90  candle- 
power,  and  arrange  them  to  suit  the 
streets  of  the  cHstrict  in  wliich  he  has 
spent  most  of  !iis  life,  but  this  is  not 
a  ve)y  useful  guide  for  other  engineers. 
In  many  cases  he  works  better  by 
instinct  than  by  tr\dng  to  make  rules 
Mhich  are  merely  for  himself  to  follow. 

Xow  that  illuminating  engineering, 
the  subject  of  many  books  and  of 
courses  of  lectures  at  technical  col- 
leges, is  becoming  recognized  as  a 
branch  of  the  great  profession,  the 
question  arises  :  Hom-  much  of  this 
is  the  proWnce  of  the  borough  engineer, 
and  how  much  of  the  contractor  ? 
Wliile  there  are  notable  instances  of 
municipal  engineers  who  are  well  able 
to  look  after  their  street  lighting,  to 
settle  the  position  of  each  lamp,  its 
height,  the  character  of  the  reflector, 
the  angles  at  A\hich  they  tliink  tlie 
candle-power  should  be  measured,  it 
cannot  be  expected  that  the  majorit}^ 
are  anxious  to  go  into  the  details  of 
this  subject,  nor  would  they  be  willing 
to  lay  these  before  their  street-lighting 
committees.  It  seems  better  that  the 
lighting  authorities  should  settle  what 
it  is  they  want  to  buy,  and,  having 
specified  it,  to  leave  details  to  the 
competitive  skill  and  wider  experi- 
ence of  contractors.  What,  then,  are 
these  autiiorities  "  out  to  buy  "  ?  Not 
lamps,  not  candle-power,  but  illu- 
mination. 

The  needs  of  different  cases  of  street 
ligliting  differ  amongst  themselves  more 
M'idely  than  do  other  ser\T[ces.  Water 
supply  and  sewage  disposal  are  full  of 
teclmicahties  which  are  left  to  experts, 
but  the  main  object  is  to  get  abundance 
of  the  purest  water  and  a  sewerage 
system  so  complete  that  few  persons 
are  aware  that  it  exists.  So  long  as 
there  is  as  high  illumination  in  the 
main  streets  as  the  toA\'n  can  afford, 


and  as  much  in  the  side  streets  as  the 
ratepayers  desire,  candle-poAver  per  se 
does  not  concern  them,  and  need  not 
greatly  trouble  their  engineers  or  sur- 
veyors. A  specification  based  on  illu- 
mination will  alloAv  the  better  grades 
of  street  lighting  in  different  towns  to 
be  accurately  compared. 

Another  objection  to  the  iUumination 
basis  arises  from  the  impression  that 
it  is  easier  to  measure  candle-power 
than  illumination.  It  is  desirable  that 
details  of  photometers  should  be  ex- 
cluded from  this  paper  and  from  the 
discussion  which  it  is  hoped  to  raise; 
but  since  the  question  of  measurement 
constitutes  an  objection  to  the  illu- 
mination basis,  this  matter  cannot  be 
disregarded.  The  draft  specification 
Avhich  A\ill  be  found  in  Appendix  A 
recognizes  several  classes  of  illumina- 
tion, the  lowest  haAing  a  minimum  of 

001  foot-candle  on  a  horizontal  plane 
3  ft.  3  in.  aboA'e  the  ground.  While 
these  classes  are  of  importance  so  far 
as  quality  is  concerned,  they  coA^er  only 
about  20  per  cent  of  the  street  lighting 
of  tMs  countr}'.  It  is  proposed  that 
the  balance  of  80  per  cent  shall  be 
measured  bA'  candle-pOAA'er.  The  most 
enthusiastic  supporters  of  the  illumina- 
tion basis  agree  that  there  are  instru- 
mental difficulties  in  measuring  very 
loAv  illuminations.  Photometers  exist 
which    give    a    good    measurement    at 

0002  foot-candle,  but  the  light  reflected 
from  the  clouds  on  a  dark  night  or 
from  mist  or  smoke  is  difficult  to  sepa- 
rate from  loAv  illumination  due  to 
feeble  and  distant  artificial  light.  In 
order  that  the  number  of  qualified 
photometers  ma}^  not  be  reduced,  the 
limit  of  0-01  has  been  fixed ;  but 
Avhere  correction  has  to  be  made  for 
stray  hght  or  for  steady  moonhght, 
the  photometer  should  be  able  to  give 
a  good  measurement  at  0-005  foot- 
candle.  This  apphes  equally  to  candle- 
poAver  photometers,  and  is  equivalent 
to  a  16  candle  lamp  at  03  ft. 

There  is  also  an  instrumental  diffi- 
culty in  measuring  illumination  Avhich 
falls  on  a  horizontal  screen  at  a  large 
angle  of  incidence.  The  draft  speci- 
fication does  not  provide  that  the 
screen  shall  be  horizontal.  If  desired, 
it  can  be  inclined  to  face  any  lamp,  or, 
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in  other  words,  to  receive  the  direct 
ray  at  zero  angle  of  incidence. 

In  the  case  of  that  class  of  street 
lighting  which  constitutes  by  far  the 
largest  proportion,  and  particularly  in 
the  extreme  case  such  as  the  lighting 
of  a  country  road,  the  lamps  serve 
mainly  as  beacons.  The  illumination 
on  the  ground  or  on  any  other  surface 
is  only  useful  in  the  immediate  neigh- 
bourhood of  each  lamp.  Candle-power 
is  obviously,  then,  the  basis.  It  is  an 
advantage  that  the  light  shall  be 
thrown  to  a  distance,  and  it  is  therefore 
proposed  that  the  candle-power  shall 
be  measured  in  the  direction  of  the 
thoroughfare,  at  an  angle  of  ten  degrees 
below  the  horizontal.  The  direction 
of  the  road  is  mentioned  in  order  that 
advantage  may  be  taken  of  any  reflector 
which  helps  the  lighting  in  this  respect. 
This  means  that  the  ray  strikes  the 
ground  at  a  distance  from  the  post 
measured  along  the  street  5- 67  times 
the  height  of  the  lamp.  As  it  is  con- 
venient to  make  the  measvirement  at 
3  ft.  or  4  ft.  from  the  ground,  this 
must  be  subtracted  from  the  height  of 
the  lamp.  With  a  20  candle-power 
lamp  12  ft.  high,  a  photometer  4  ft. 
high  will  receive  the  10-degree  ray  if 
it  is  placed  45  ft.  4^  in.  from  the  post. 
The  illumination  on  a  photometer 
screen  facing  the  lamp  will  be  00094 
foot-candle.  A  smaller  angle  below 
the  horizontal  would  mean  greater 
distance  or  a  higher  photometer ;  a 
larger  angle  would  mean  a  less  im- 
portant ray.  Until  the  class  of  street 
lighting  is  reached  which  Avould  be 
produced  by  a  row  of  12. \  candle-power 
lamps  on  posts  10  ft.  high  and  50  ft. 
apart,  or  50  candle-poAver  lamps  on 
posts  17  ft.  higli  and  100  ft.  apart,  or  any 
of  the  200  cases  given  in  the  table 
attached  to  the  Specification,  it  is 
proposed  tliat  this  simple  measurement 
of  candle-power  shall  suffice. 

But  for  the  more  brilliant,  though 
less  frequent  classes  of  lighting,  wliere 
there  is  no  difiiculty  in  measuring  the 
illumination  produced,  tliere  are  several 
reasons  for  adopting  this  as  a  basis 
instead  of  candle-power.  The  first  one 
has  already  been  mentioned.  The 
public  want  liglit,  not  lamps.  Anotlicr 
reason  is  that  this  allows    the  fullest 


scope  for  invention,  economical  spacing, 
and  minimum  cost.  A  third  is  that 
if  more  than  three  or  four  lamps  con- 
tribute the  lighting  of  any  part  of  a 
street,  the  resitUing  effect  cannot  be 
obtained  by  measuring  the  candle- 
power  of  each  lamp  from  that  position. 
The  addition  of  these  candle-powers 
gives  no  indication  of  the  lighting  of 
the  spot  in  question,  unless  it  is  reduced 
by  calculation  to  the  resulting  illu- 
mination. Nor  does  the  measurement 
of  the  illumination  on  a  screen  facing 
each  lamp  in  turn  help  matters,  since 
it  never  faces  them  all  at  the  same 
time.  But  if  a  horizontal  screen  is 
set  up  at  this  spot  it  receives  illu- 
mination from  each  lamp,  and  the  illu- 
minations are  automatically  added  to- 
gether, and  may  be  measured  simul- 
taneously. Sir  W.  Preece's  idea  was 
to  measure  the  illumination  on  the 
ground,  and  all  his  early  work  on  street 
lighting  was  so  done,  and  a  good  deal 
might  be  said  for  it.  But  some  people 
think  that  the  plane  should  be  at  3  ft. 
or  4  ft.  from  the  ground,  approximat- 
ing to  the  mean  lieight  of  objects.  Such 
a  height  allows  a  larger  choice  of  photo- 
meters, for  in  some  cases  the  observer  is 
obliged  to  look  through  an  eye-piece. 
It  is  a  mistake  to  set  the  instrument  up 
too  high,  for  it  begins  to  approach  the 
lamps  too  closely.  This  has  the  effect 
of  increasing  the  measured  illumina- 
tion in  the  neighbourhood  of  the  lamp, 
but  at  a  distance  from  a  lamp -post 
greater  than  one  and  a  half  times  its 
height  the  difference  is  not  appreciable. 
There  is  one  well-known  practical 
candle-power  photometer  for  street 
work  made  in  England  ;  there  may  be 
two.  Tliere  are  also  French  and  Ger- 
man instruments.  There  are  at  least 
five  useful  illumination  photometers  on 
tlie  English  market,  besides  well-known 
American  and  Continental  kinds.  All 
of  these  are  suitable  also  for  measuring 
candle-power  by  direct  ray,  and  most 
are  adapted  for  measuring  illu- 
mination received  on  a  horizontal 
plane.  They  are  much  more  portable 
and  less  expensive  than  candle-power 
photometers;  they  do  not  fatigue  the 
eye  ;  they  are  all  graduated  l)y  experi- 
ment, and  do  not  attempt  to  rely  on  a 
theoretical  law. 
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Horizontal,  Vertical,  or  Direct  Ray 
Measurements. — The  aspect  of  the  plane 
on  which  the  illumination  should  be 
received  has  been  discussed  by  several 
writers.  Some  claim  that  it  should 
face  the  lamp  as  in  candle-power 
measurement,  others  that  the  plane 
should  be  vertical.  There  is  something 
to  be  said  for  each  of  these.  The  dif- 
ference between  the  illumination  in  the 
two  cases  is  insignificant  at  a  distance 
from  the  lamp-post  greater  than  tA^-ice 
its  height.  The  illumination  on  the 
vertical  plane  falls  off  in  the  neighbour- 
hood of  the  lamp,  and  vam'shes  when 
it  is  brought  immediately  beloA\-  it. 
Bill  stickers,  or  rather  tlieir  clients, 
would  approve  of  vertical  plane  illu- 
mination . 

The  two  advantages  of  the  horizontal 
plane  are  that  :  (1)  if  the  illumination 
on  it  is  sufficient,  that  on  the  other 
planes  must  be  better ;  and  (2)  the 
illuminations  received  from  all  neigh- 
bouring liglits  add  themselves  together 
and  give  one  single  quantity  which 
may  be  measured  by  one  single  obser- 
vation. The  economy  of  time  and 
sa\nng  of  calculation  is  enormous. 

The  photometric  survej^  of  a  street 
may  be  carried  out  in  much  less  time 
and  with  equal  accuracy  by  making  a 
few  measurements  of  illumination  on 
a  horizontal  plane  than  by  making 
candle-power  measurements.  In  the 
former  case  no  calculations  whatever 
are  needed ;  all  illumination  photo- 
meters are  direct-reading.  Candle-power 
measurements  entail  calculations  for 
each  observation,  and  further  calcula- 
tions involving  the  use  of  tables  of 
cosines  are  needed  to  reduce  candle- 
power  measurements  to  illumination. 
It  is  probably  the  tediousness  of  this 
mathematical  work  and  the  distrust  of 
novel  instruments  that  produce  a  re- 
luctance to  accept  illumination  as  a 
basis  for  street  lighting.  When  the 
lighting  of  a  street  is  judged,  as  the 
specification  recommends,  by  the 
minimum  illumination,  the  labour  is 
again  largely  reduced.  It  is  found  in 
practice  that  it  is  very  easy  to  find 
the  minimum  illumination,  and  this 
extends  over  a  considerable  area. 
Even  when  six  lamps  contribute  to 
the  ipuult,  only  a  little  care  is  needed 


to  prevent  one  of  them  from  being 
blocked  by  the  observer's  body. 

Another  objection  to  the  horizontal 
plane  measurement  is  that  it  takes 
account  of  reflected  light  from  build- 
ings. A  contractor  may  feel  that  this 
is  a  matter  beyond  his  control,  and  he 
should  not  suffer  if  the  houses  in  a 
street  become  dirty  or  are  painted  a 
dark  colour.  It  is  true  that  a  street 
with  light-coloured  houses  seems  to  bo 
better  lighted  than  when  the  buildings 
are  dingy,  and  it  may  be  argued  that, 
if  it  seems  to  be  better  lighted,  it  is 
better  lighted  whatever  the  photo- 
meter may  say.  True,  the  judgment 
of  the  common-sense  man  in  the  street 
is  of  far  greater  value  than  that  of  any 
photometer  ;  but  experiment  shows  that 
in  ordinary  West-End  London  streets, 
with  painted  stucco,  the  difference,  as 
measured  on  the  photometer,  is  ex- 
tremely small,  and  is  generally  beyond 
the  practical  limits  of  error. 

Reflected  light  from  the  sky  is  of 
greater  importance.  This  must  be 
reckoned  with  in  accurate  candle- 
power  photometry  by  narrowing  the 
field  of  view,  and  it  is  one  of  the 
reasons  why  illumination  photometry 
must  give  place  to  candle-power  mea- 
surements when  the  light  is  feeble. 
On  the  other  hand,  it  is  difficult  to 
know  how  to  deal  with  the  field  of  view 
in  the  candle-power  pliotometry  of 
powerful  lights  if  there  is  a  trace  of 
mist  or  dust.  The  direct  light  being 
obstructed,  as  much  diffused  light  as 
possible  should  be  included,  so  long 
as  it  all  belongs  to  the  light  to  be 
measured,  and  is  all  true,  diffused 
light  from  the  mist,  and  not  reflected 
from  buildings. 

For  these  and  other  reasons  a  con- 
siderable majority  of  those  who  have 
given  attention  to  this  matter  agree 
that  the  illumination  received  on  a 
horizontal  plane  is  the  best  measure 
of  the  lighting  of  a  street.  Whether 
this  is  directly  observed  with  a  suit- 
able instrument,  or  whether  it  is 
calculated  from  several  observations 
of  illumination  or  of  candle-power,  is 
of  minor  importance.  It  is  probable 
that  some  of  those  who  disagree  with 
the  proposal  to  measure  the  illumina- 
tion   directly    on    a    horizontal    plane 
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have   never  used,   or  perhaps   seen,   a 
photometer  for  that  work. 

A  photometer  for  use  in  a  test-room 
may  be  graduated  directl}^  in  candle- 
power,  but  an  instrument  to  be  used 
in  the  streets  at  various  distances  from 
the  source  of  hglit  must  be  graduated 
in  foot-candles.  The  reading,  multi- 
phed  by  the  square  of  the  distance  in 
feet,  gives  the  candle-power. 

Take  a  case  from  the  table  in  Ap- 
pendix A:  A  lamp  12ft.  high,  the 
photometer  set  up  3  ft.  3  in.  from  the 
ground,  and  50  ft.  from  the  lamp- 
post (Fig.  1).  As  we  do  not  want  to 
know  the  actual  distance  of  the  lamp 
from  the  photometer,  but  the  square 
of  that  distance,  we  take  (12-3-25)- 
-^50^=2577.  Let  the  illumination 
measured  on  the  photometer  screen 
directly  facing  the  light  be  0029  foot- 
candle.  Then  the  candle-power  of  the 
lamp  is  0029x2577  =  75. 

The  illumination  which 
would  be  received  on  a 
horizontal  screen  is  less 
than  0029  in  the  same  pro- 
portion that  the  height  of 
the  lamp  is  less  than  the 
slant  distance  from  the 
lamp  to  the  screen.  The 
slant  distance,  the  square  root  of 
2577,  is  50-77.  The  ratio  8-75: 
50-77  is  0-1725,  and  this,  multi- 
plied by  0029,  is  0005,  the  illumina- 
tion required.  Or  the  angle  of  inci- 
dence ma}''  be  calculated  or  measured. 
It  is  easier  to  measure  it  to  1  degree 
than  to  level  the  pliotometer  to  that 
accuracy.  To  calculate  it,  find  the 
tangent.  This  is  the  ratio  of  the  liori- 
zontal  distance  to  the  height;  50/875 
=5-71.  The  angle  is  about  80  degrees, 
and  the  tables  give  the  cosine  0-1725, 
the  ratio  required.  Anot'.ier  lamp  50  ft. 
away  doubles  the  illumination,  making 
001,  for  which  the  ta])le  is  calculated. 

This  is  a  case  in  whicli  the  illumina- 
tion on  the  horizontal  plane  would  be 
difficult  to  measure  M'itli  some  photo- 
meters if  there  were  only  one  lamp,  on 
account  of  the  feeble  illumination 
0-005  and  the  large  angle  of  incidence  ; 
an  error  of  1  degree  makes  10  per  cent 
difference  at  this  angle.  But  A\'hen  tlu^ 
illumination  received  at  the  midMay 
point  from  the  two  lamps  is  measured. 


the  reading  001  should  give  no  diffi 
culty,  and  a  slight  inclination  of  the 
photometer  towards  one  lamp  is  bal- 
anced by  its  inclination  away  from 
the  other.  Some  calculation  is  needed 
to  find  the  candle-power,  more  is 
required  to  deduce  the  illumination 
from  it,  but  none  whatever  is  necessary 
if  the  illumination  is  measured  directly 
on  a  horizontal  screen. 

Average,  or  Maximum  and  Minimum  ? 
— ^Assuming,  then,  that  for  the  higher 
classes  of  street  lighting  the  illumina- 
tion received  on  a  horizontal  plane 
3  ft.  3  in.  above  the  ground  is  to  be 
the  basis  of  the  estimation  of  the 
lighting,  we  have  to  consider  how  this 
has  to  be  treated. 

In  all  these  classes  some  attempt  is 
made  towards  uniform  distribution. 
The  mean  value  suggests  itself  as  the 
one   to   be   considered,   but   if   this   is 


Fig.  1. 

investigated  it  will  be  found  to  involve 
a  considerable  amount  of  calculation. 
It  is  easy  to  go  wrong  in  this.  In  the 
theoretical  consideration  of  a  case,  the 
mean  value  may  be  found  by  dividing 
the  surface  into  a  number  of  squares 
and  calculating  the  illumination  at  the 
middle  of  each.  Or  contour  or  iso-lux 
curves  may  be  draAvn  from  numerous 
photometric  measurements  or  from 
calculation,  and  the  areas  measured 
by  planimeter.  Or  the  simple  defini- 
tion of  illumination  in  terms  of  a  fight 
of  unit  candle-power  at  unit  distance 
may  be  replaced  by  the  more  complex 
idea  of  flux-density.  A  source  of 
light  giving  1  candle-power  in  every 
direction  is  said  to  give  47r  lumens, 
and  the  foot-candle  is  defined  as  1  lumen 
per  square  foot.  Integrating  the  polar 
curve  of  fight  distribution  between  the 
limits  of  the  useful  rays,  the  mean 
flux-density  may  be  obtained  by  divid- 
ing the  total  lumens  by  the  area  of  the 
street  surface.  The  result  is  given  in 
simple  foot-candles.     He  who  docs  tliis 
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thing  comes  out  at  the  same  door 
wherein  he  went,  and  is  hkely  to 
acliieve  that  Avhich  he  intends  if  lie 
does  not  lose  his  way  while  he  is  inside. 
Most  of  us  prefer  to  remain  outside. 

While  the  theoretical  consideration 
of  the  mean  illumination  is  intricate, 
the  photometric  observations  neces- 
sary to  yield  a  fair  average  would  be 
very  numerous,  and  M'ould,  in  fact, 
amount  to  a  photometric  survey  of  the 
street.  Fortunately,  a  httle  considera- 
tion shows  that,  while  the  mean  illu- 
mination of  a  street  ma}^  be  up  to  a 
reasonable  standard,  it  may  have  alter- 
nations of  dazzling  brilliance  and  dismal 
darkness.  This  proposal  may,  there- 
fore, be  discarded. 

Some  have  suggested  that  the  aver- 
age between  the  best  and  the  Avorst 
parts  should  be  taken  ;  but  the  area 
of  the  former  always  exceeds  that  of  the 
latter,  and  the  ratios  extend  in  practice 
over  such  Avide  hmits  that  this  com- 
parison will  not  serve. 

The  Minimum.— The  most  satisfac- 
tory test  appears  to  be  the  simple 
minimum  illumination.  Any  excess  of 
light  may  be  regarded  as  a  voluntary 
benefaction  from  the  lighting  authority 
or  an  unavoidable  concession  by  the 
contractor.  Neither  party  is  "likely 
to  be  too  generous  in  this  matter, 
but  the  draft  Specification  pro- 
vides that  the  height  at  wliich  it  is 
proposed  to  place  the  centre  of  light 
of  each  type  of  unit  above  the  street 
surface  is  to  be  given  in  the  schedule 
to  the  tender.  This  gives  the  hghting 
authority  an  opportunity  to  control 
excessive  hght. 

The  Report  of  the  Surveyor  Members. 
— The  preliminary  memorandum,  to 
which  reference  has  been  made,  stated 
that  an  illumination  basis  would  neces- 
sitate the  grading  of  thoroughfares 
into,  say  :  special ;  first  class,  for  main 
thoroughfares  ;  second  class,  for  minor 
thoroughfares  ;  and  third  class,  for 
country  districts  or  pilot  lighting. 

At  an  early  stage  of  the  Mork  of  the 
Joint  Committee  it  Avas  recognized 
that  5ome  such  classification  Avas  essen- 
tial, anrl  that  they  must  liaA'e  some 
practical  data  to  Avork  upon,  and  copies 
of  street  lighting  tests  Avere  supplied 
by  Mr.  A.  A.  Voysey,  Mr.  F.  Bailey, 


Mr.  F.  W.  Goodenough,  Mr.  Haydn  T. 
Harrison,  and  Prof.  J.  T.  Morris.  (See 
reference  letters  Fj  to  N,  on  Fig.  3,  to 
be  described  later.) 

After  these  tests  had  been  con- 
sidered by  the  Committee,  the  question 
of  classifA'ing  them  Avas  discussed,  and 
the  Surveyor  Members  were  asked  to 
Aisit  some  streets  for  the  purpose  of 
judging  Avhat  kind  of  classification 
Avould  be  possible.  The  four  delegates 
of  the  Institution  of  Municipal  and 
County  Engineers,  Mr.  G.  F.  Carter 
of  CroA'don,  Mr.  T.  W.  A.  HayAvard  of 
Battersea,  Mr.  E.  B.  B.  NcAvton  of  Pad- 
dington,  and  Mr.  N.  Scorgie  of 
Hackney,  met  on  the  evening  of 
MaA^  22nd,  1911,  and  in  a  car  kindly 
placed  at  their  disposal  b}^  Mr.  F.  W. 
Goodenough  Adsited  numerous  streets 
in  the  City  of  London,  City  of  West- 
minster, and  the  Boroughs  of  St. 
Pancras,  Marylebone,  Paddington,  Ken- 
sington, Holborn,  Finsbury,  Ishngton, 
Hackney,  and  Shoreditch. 

Their  Report  is  of  value  in  itself, 
owing  to  the  practical  experience  of 
these  delegates  and  to  the  Avide  area 
examined  by  them,  but  additional 
interest  is  added  bj  a  confirmation  of 
their  estimates,  Avhich  aaiII  be  referred 
to  later. 

In  the  first  place  they  excluded  the 
lighting  of  such  streets  as  Wliitehall, 
Regent  Street,  Cheapsidc,  Cannon 
Street,  Oxford  Street,  and  others, 
because  the}^  are  thoroughfares  of  a 
special  character,  and  the  hghting  is 
more  than  is  usually  necessary  for  ordi- 
narA^  traffic.  They  thought  that  for 
any  public  hghting  purposes  streets 
might  Avell  be  grouped  under  three 
headings  :  (a)  First-rate  main  lines  of 
thoroughfare  ;  (6)  auxihary  roads  and 
relief  main  roads  ;  (c)  side  and  un- 
important streets. 

Under  (a),  it  Avas  thought,  might  be 
grouped  such  roads  as  Rochester  Roav, 
S.W.,  Ashley  Gardens,  S.W.,  St.  Jameses 
Square,  S.W.  (in  examining  St.  James's 
Square  the  different  effects  at  the 
corner  of  York  Street,  Avhere  on  one 
side  Avas  a  clean  Avhite  house  and  on 
the  other  a  dark-coloured  one,  A\^as 
considered  by  the  SurA^eyors  to  be  \'ery 
noticeable),  Mount  Street,  East  of 
South     Audley     Street,     Park    Lane, 
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Portman  Square,  Baker  Street,  St. 
Marylebone  Road,  Park  Road,  St. 
John's  Wood  Road,  Maida  Vale  near 
Elgin  Avenue,  and  Bays  water  Road 
near  Victoria  Gate. 

Under  (6),  it  was  thought,  might  be 
grouped  such  roads  as  Vincent  Square, 
S.W.,  Manchester  Street,  Harley  Street 
(this  was  regarded  as  a  rather  superior 
amount  of  lighting  for  a  class  (6) 
street),  and  Cambridge  Street. 

Under  (c)  they  included  such  roads 
as  Buckingham  Road,  Hackney  ;  Cul- 
ford  Road,  Hackney ;  Sandringham 
Road,  Hackney ;  and  main  roads 
across  the  Park  from  Victoria  to  Albert 
Gates.  More  names  of  streets  could 
have  been  given,  but  the  Surveyors 
were  of  opinion  that  those  selected, 
which  include  examples  of  both  gas 
and  electric  lighting,  were  reasonably 
indicative  of  the  standards. 

The  Photometric  Report. — ^It  appeared 
desirable  that  this  purely  qualitative 
classification  should  be  checked  by 
quantitati\'^e  measurements,  and  Mr.  K. 
Edgcumbe,  Prof.  J.  T.  Morris,  and  the 
Author  undertook  to  make  a 
series  of  tests  on  the  basis 
suggested  by  the  draft  Specifi- 
cation, namely,  the  minimum 
illumination  on  a  horizontal  plane 
3  ft.  3  in.  from  the  ground,  as 
well  as  tlie  maximum  illumina- 
tions. In  order  to  secure  a  long 
working  evening  the  test  was 
postponed,  and  was  made  on 
October  26th,  1911. 

About  eighty-eight  photometric 
measurements  were  made,  besides 
measurements  of  distance  and 
angle,  at  thirty-one  places.  There 
was  no  moon,  and  little,  if  any, 
reflection  from  wet  streets.  From 
two  to  six  readings  Avere  taken 
at  each  place  ;  the  mean  of  each  set  is 
given.  The  readings  agreed  fairly  well 
together— ^.r/..  Baker"  Street,  b043, 
0046,  J.T.M.  :  0045,  K.E.  :  0046, 
A.P.T.  Higher  accuracy  was  not 
sought  for,  since  the  variations  between 
the  readings  were  much  less  than  those 
found  between  the  neighbouring  lam])s 
or  betAveen  successive  measurements  of 
the  same  lamp,  due  to  flickering  in  tlic 
wind.     A  Trotter  photometer  was  used. 


No  difficulty  was  found  in  comparing 
lamps  of  different  colours. 

Owing  to  the  time  occupied  in  getting 
over  the  ground  (between  9  and  10 
miles),  setting  up  the  instrument, 
making  and  recording  the  photometric 
and  other  measurements,  and  starting 
off  again,  it  was  not  possible  to  visit  all 
the  streets  mentioned  in  the  Report  of 
the  Surveyor  Members. 

The  work  began  in  St.  James's 
Square  at  about  7  p.m.  The  minimum 
places  were  easily  found,  and  a  second 
photometer  (carried  in  the  hand) 
showed  that  for  a  distance  of  6  ft. 
or  8  ft.  in  any  direction  from  the 
spot  chosen  there  was  no  appreciable 
difference  in  the  illumination.  Five  or 
six  lamps  contributed  to  the  illumina- 
tion, and  there  was  httle  difficulty  in 
finding  a  position  in  which  the  observer's 
body  did  not  cast  a  shadow  on  the 
photometer.  Comparative  measure  • 
ments  were  not  made  opposite  the 
Sports  Club  (No.  8)  and  the  Portland 
Club  (No.  9),  for,  while  the  Surveyor 
Members  pointed  out  that  the  former 
was  a  clean  white  house  and  the  latter 


Fig.  2.— Part  of  St.  Janit-s'  S(niarc. 

a  dai'k-coloured  one,  the  street  lamps 
are  closer  together  in  front  of  the 
former,  and  a  good  deal  of  light  was 
emitted  by  the  lamp  over  the  door  and 
from  the  M-indows.  Fig.  2  shows  the 
positions  of  the  first  four  sets  of  mea- 
surements, A,  B,  C,  and  D. 

Tlie  lighting  of  South  Audley  Street 
was  so  similar  to  that  of  Mount  Street 
that  only  one  s(>t  of  measurements  was 
taken.     It  may  be  observed  that  the 


250 


THE  ILLUMINATING  ENGINEER. 


highest  maximum  was  found  in  Bays- 
water  Road  near  Victoria  Gate  (2-28 
foofc-candles),  and  this  was  sixty-seven 
times  the  minimum,  giving  a  larger 
ratio  tlian  in  any  other  street  measi^red 
on  that  evening.  But  the  street,  hav- 
ing tlie  Park  on  one  side  and  gardens 
on  the  other,  recei\ang  no  reflected 
liffht  from  houses,  was  Hghted  well  and 
sufficiently  for  its  important  traffic, 
the  mininuim  0034  being  a  good  one. 
The  ratio  of  maximum  to  minimum  in 
Harley  Street  was  18,  being  less  than 
in  any  other  of  the  streets  measured. 
Park  'Lane  ranks  next  in  this  respect 
with  a  ratio  of  19. 

Minimum  Illumination 


Cheapside 
Whitehall. 
Regent  Street. 
Farringdon  Street 
Victoria  Street 
Lower  Regent  Street 
St  James"  Squaje 


Mount  Street. 
Bayswater  Road 

Ashley  Gardens, 
Park  Lane. 
Baker  Street 
S.  Audley  Street. 
Vauxhall  Bridge  Road 
Mount  Street 
Marylebone  Road. 
Cambridge  Street  W. 
Manchester  Square 
Harley  Street. 
Cambridge  Street  W. 
Stat  Street, Edgware  Rd. 
Lancaster  Rd,  Hotting  Hill 
Latimer  Rd,  Netting  Dale 


Star  Street  afforded  an  example,  and 
exploration  was  pushed  as  far  as  Lan- 
caster Road,  Notting  Hill,  and  Latimer 
Road  in  the  slums  of  Nottmg  Dale, 
})efore  badly  hghted  streets  could  be 
found.  The  darkest  spots  were  chosen 
in  the  last  three  streets,  but  care  was 
taken  in  all  cases  that  no  shadow  from 
a  lantern  frame  fell  on  the  photometer. 
Accurate  levelhng  was  necessary  in  these 
later  measurements. 

The  results  of  these  photometric 
tests— which  are  set  out  in  full  in 
Table  I.  and  (together  with  others 
already  referred  to)  in  Fig.  3— are 
rather  remarkable  when  they  are  com- 

in  foot-candles  received  on  a  horizontal  plane 

3  ft.  3  in.  from  the  ground. 


Fig.  S. — Results  of  photometric  measurements. 

By  inadvertence,  the  class  letters  are  not  the  same  as  those  suggested  in  the  Specification.  A 
represents  the  lowest  class,  viz.,  niinin;uin  htlow  001  foot-candle.  B  is  from  001  to  0'C25.  C  is 
from  0-025  to  0  04.     D  is  fiom  004  to  0  06.     Ei.s  froni006  toOl. 


The  Surveyor  Members  regarded 
Harley  Street  as  having  a  rather 
superior  amount  of  lighting  for  a  (6) 
class  street  ;  but  the  lighting  of  the 
Borough  of  St.  Marylebone  is  so  uni- 
form that  no  loMcr  illumination  could 
be  found  in  that  district.  Hackney 
being  rather  too  far,  streets  of  the  (c) 
class   were   looked  for  in  Paddingtou, 


pared  wdth  the  Report  of  the  Surveyor 
Members.  It  shows  that  they  so  accu- 
rately classified  the  streets  by  eye  that, 
when  the  measurements  of  minima  are 
arranged  in  order,  they  fall  exactly  in 
the  classes.  The  class  (a)  has  an  illu- 
mination on  a  horizontal  plane  3  ft.  3  in. 
from  the  ground,  not  less  than 0- 025  foot- 
candle.     The  minimum  illumination  in 
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class  (6)  varies  from  0"025  to  0015, 
and  in  class  (c)  it  falls  below  0015. 

This  agreement  is  noteworthy.  It 
shows  that  the  judgment  by  eye  by 
experienced  men  is  in  accordance  with 
careful  photometric  tests  ;  that  photo- 
metric tests  of  illumination  are  not 
mere  scientific  experiments,  but  con- 
firm quantitatively  in  definite  figures 
the  judgment  of  the  ej''e  ;  and,  lastly, 
that  the  Surveyor  Members  seemed  to 
have  been  unconsciously  influenced  by 
the  minimum  illumination  in  each  case, 
for  the  maximum  illuminations  show  no 
sort  of  agreement.  Another  result  of 
these  tests  is  to  show  that  the  ratio  of 
maximum  to  minimum  illumination  is 
not  a  matter  of  importance,  and  it  was 
agreed  by  the  Committee  that  this 
point,  which  had  appeared  in  the  first 
preliminary  draft,  should  be  dropped. 
If  the  measurements  had  been  made  at 
the  centre  of  the  road  thej^  would  have 
been  slightly  higher,  because  the  mini- 
mum places  were  not  always  in  the 
middle  of  the  street. 

The  Classification. — On  discussing  the 
proposed  classification  there  appeared, 
at  first,  to  be  a  difficulty  in  dealing  Avith 
those  cases  of  brilliant  street  lighting 
wliich  were  not  included  in  the  Report 
by  the  Surveyor  Members.  It  is  clearly 
a  mistake  to  call  it  better  than  first 
class,  for  it  is  necessitated  by  dense 
and  fast  traffic  in  important  thorough- 
fares. It  was  decided  to  invert  the 
order,  and  to  begin  with  the  most 
extensive,  and  therefore  very  impor- 
tant class,  in  which  the  minimum  is 
below  O'Ol  foot-candle,  which  will  be 
measured  by  taking  the  candle-power 
of  the  lamps.  This  class  was  not 
designated.  The  other  classes  are  as 
follows  : — 

A.  Minimum  at  least  001  foot-candle 

B.  „  „  0025 

C.  „  „  004 
!>•  »  „  006 
E.  „  „  01 

This  leaves  some  twenty  letters  avail- 
able for  such  higher  classes  of  illu- 
mination as  the  progress  of  civilization 
may  call  for,  classes  which  electric  light 
and  gas  engineers  will  be  happy  to 
provide  when  invited. 

The  Table  in  the  Appen.  (p.  IG)  was 


originally  calculated  by  Mr.  Haydn  T. 
Harrison  to  show  the  candle-power 
required  to  produce  a  minimum  illu- 
mination of  001  foot-candle  on  a  hori- 
zontal plane  3  ft.  from  the  ground, 
midway  between  two  lamps  of  a  given 
height  and  distance  apart.*  The 
column  D  gives  the  distance  apart,  the 
columns  I  the  candle  -  power,  and 
the  columns  6  the  angle  which  the  ray 
makes  Anth  the  horizontal.  The  lamps 
are  supposed  to  give  equal  candle- 
power  in  all  directions.  The  top  right- 
and  the  bottom  left-hand  comers  of 
the  table  represent  extreme  and  un- 
practical conditions.  The  figures  be- 
tween the  stepped  fines  represent  cases 
of  ordinary  practice,  but  they  are  not 
intended  to  suggest  limits.  The  table 
shows  the  econom}^  of  placing  the  lamps 
as  high  as  possible,  subject  to  practical 
considerations.  Tall  lamps  in  a  narrow 
street  waste  much  light  on  the  walls  of 
the  houses. 

The  Final  Work  of  the  Committee. — 
When  the  Committee  had  reached  this 
stage  they  were  asked  to  consider  a 
draft  specification  which,  while  incor- 
porating some  of  the  principles  on 
which  the  majority  seemed  to  be  agreed, 
directed  that  the  Surveyor  should  fix 
the  position  and  height  of  all  lamps, 
and  adjudicate  on  refracting  lenses 
and  reflectors.  It  was  suggested  that 
candle-power  should  be  measured  at 
tAA'O  angles — 20  degrees  and  50  degrees 
with  the  horizontal.  This  was  fully 
discussed  at  several  meetings,  and 
attempts  were  made  to  reconcile  or  to 

*  The  Table  has  been  recalculated  by  Mr.  M- 
Wilson  of  the  Board  of  Trade.  In  re-calculating, 
the  height,  3'28  was  used  instead  of  3*2.'},  thus 
approximating  more  closely  to  the  metre.  The 
difference  in  the  result,  less  than  half  of  one  per 
cent,  is  of  course  inappreciable.  The  following 
is  an  example  :^ 

H  =  heightof  lamp,  7i= height  of  photometer, 
D  =  distance  apart  of  the  lamps,  all  in  feet.  Let 
H  =  12, /i  =  :?-28,  D=1()0.  Then(H— /i)  +  (D/2,2 
=  257604.  Since  D/2  is  ."id,  look  out  in  a  table  of 
squares  and  cubes  the  square  of  a  number  rather 
larger  than  .5,U(H),  the  nearest  square  to  2.57G0400, 
and  take  its  cube.  This  numl)er  is  .507.5.  the 
square  is  2.5 7.5r)r)2.5.  and  the  cube  is  13()70i»796S75, 
of  which  the  lirst  live  figures  are  sulticient.  But 
the  fourth  figure  of  the  sijuare  is  not  an  exact 
fit,  aud  by  proportion  thecube  is  taken  as  130740. 
As  two  lamps  contribute  to  produce  001  foot- 
candle,  the  cube  is  divided  by  2(H — h)  x  100. 
Then  13o74(i  /  1744=74'.»7,  which  is  given  in  the 
'J  able  as  7.5.  If  the  photometer  is  3'25ft.  high  the 
caudle-power  is  74-72.  The  Table  is  given  as  a 
graph  in  Fig.  4. 
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amalgamate    the    two    somewhat    dif- 
ferent drafts. 

Some  consideration  was  given  to  the 
relation  between  density  and  speed  of 
traffic  and  the  illumination  needed.  In 
reply  to  an  invitation  from  the  Com- 
mittee, Sir  Herbert  Jekyll,  then  Super- 
intendent of  the  London  Traffic  Branch 
of  the  Board  of  Trade,  wrote  pointing 
out  the  advantage  of  suspending  street 
lamps  from  span  wires  to  avoid  obstruc- 
tion by  lamp-posts.  The  Commissioner 
of  PoUce  authorized  Superintendent 
Bassoni  of  the  Public  Carriage  Depart- 
ment to  attend  a  meeting  of  the  Com- 
mittee, and  he  gave  his  opinions  on  the 
relation  between  traffic  requirements 
and  illumination.  This  subject  is  of 
considerable  importance,  but  it  is 
somewhat  outside  the  scope  of  this 
paper. 

A  good  deal  of  consideration  ""/as 
given  also  to  Conditions  of  Contract, 
and  to  a  Form  of  Tender,  and  a  speci- 
fication for  details  of  the  suspension  of 
lamps  over  streets  was  discussed.  It 
was  felt  that,  while  these  matters  are 
of  great  importance,  and  that  the 
suggestions  coming  from  experienced 
engineers  would  be  of  high  value,  they 
were  rather  beyond  the  scope  of  the 
Joint  Committee  at  the  present  stage. 
Some  disappointment  was  felt  about 
this  limitation  of  the  draft  Specification, 
but  it  was  finall}^  agreed  that  circum- 
stances differ  so  widely  in  different 
cities  and  towns,  botli  as  regards  the 
procedure  and  constitution  of  lighting 
authorities  and  tlie  requirements  of 
the  streets,  that  it  would  be  better  to 
put  forward  a  draft  of  "  Standard 
Clauses  for  Inclusion  in  a  Specification 
of  Street  Lighting." 

These  clauses  form  Appendix  A  to 
this  paper.  They  were  submitted  b}^ 
the  delegates  of  the  four  Institutions  to 
their  Councils.  They  were  accepted  by 
the  Council  of  the  Institution  of  Elec- 
trical Engineers,  who  autliorized  the 
embodiment  of  the  Specification  and 
Appendices,  and  of  the  material  col- 
lected by  the  Committee  in  tlie  present 
paper. 

The  Council  of  the  Institution  of 
Municipal  and  County  Engineers  sug- 
gested   some    useful    drafting    amend- 


ments which  have  been  incorporated  in 
the  clauses  as  printed.  The  Council  of 
the  Illuminating  Engineering  Society 
accepted  the  clauses  as  a  draft  and 
tentative  Specification,  and  recom- 
mended that  a  supplementary^  speci- 
fication should  be  added  defining  the 
conditions  to  be  complied  with  by  an 
instrument  for  testing  illumination  or 
candle-power  in  the  street.  This  speci- 
fication has  been  prepared  by  the  Illu- 
minating Engineering  Society,  and 
forms  Appendix  B.  It  is  hoped  that 
the  discussion  on  the  present  paper 
will  not  be  extended  to  Appendix  B, 
which  offers  much  material  for  a 
separate  debate. 

The  Institution  of  Gas  Engineers, 
while  fully  appreciating  the  valuable 
work  which  had  been  done,  regretted 
that  they  could  not  agree  with  the 
fundamental  basis  of  the  suggested 
Specification,  namely,  the  stipulation 
of  illumination  with  a  stated  foot- 
candle  minimum  measured  on  the 
horizontal  plane. 

The  Joint  Committee,  in  these  cir- 
cumstances, were  reluctant  to  take  any 
further  steps  until  an  attempt  had  been 
made  to  review  the  problem  and  to  give 
an  opportunity  for  a  full  debate  upon  it. 

Meantime  the  author  had  been  in- 
vited to  contribute  a  paper  before  the 
Illuminating  Engineering  Society  deal- 
ing Avith  some  aspects  of  street  lighting. 
It  occurred  to  the  Council  that  the 
platform  of  the  Illuminating  Engi- 
neering Society  might  be  utilized  for  an 
open  discussion  on  tlie  tentative  Speci- 
fication prepared  at  a  joint  meeting  of 
the  four  bodies  interested.  This  pro- 
posal met  M'ith  the  unanimous  approval 
of  the  Joint  Committee.  The  delegates 
of  the  Committee  accordingly  recom- 
mended to  the  Councils  of  their  respec- 
tive  Institutions  that  they  should  fall 
in  with  this  suggestion  and  sanction  the 
use  in  this  paper  of  the  material  brought 
before  the  Committee. 

The  present  paper  is  the  result.  The 
author  has  endeavoured  to  state  in 
precise  terms  the  chief  objections  to 
the  basis  of  the  proposed  clauses,  and 
to  defend  them  in  a  manner  which  he 
ho])es  Avill  conduce  to  the  development 
of  Illuminating;  Engineering. 
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APPENDIX    A. 

Draft  Standard  Clauses  for  Inclu- 
sion IN  A  Specification  for  Street 
Lighting. 

As  submitted  for  the  api^roval  of 
the  Councils  of  the  Institution  of  Elec- 
trical Engineers,  the  Institution  of  Gas 
Engineers,  the  Institution  of  Municipal 
and  County  Engineers,  and  the  Illu- 
minating Engineering  Society. 

Intent  of  Tender. 

1.  The  Form  of  Tender  headed  "Light- 
ing of  "  includes  the  provision,  fixing, 
connexion  and  maintenance  of  all  lamps 
necessary  for  obtaining  the  illumination 
specified  as  Class.... in  and  according 
to  the  conditions  of  the  standard  speci- 
fication. 

Unit  of  Measurement. 

2.  This  specification  is  based  on  illu- 
mination the  unit  of  measurement  being 
one  foot-candle. 

Classification  of  Streets. 

3.  For  canvenient  reference  the  streets 
are  classified  as  having  a  minimum  illu- 
mination as  follows  : — 

Class  A    ..  ..     0-01  foot-candlf-. 

„  B 0025     „ 

„   C 0-Oi 

»   D 006 

»   E 010 

Street  lighting  at  a  lower  minimum 
illumination  than  001  candle-power  may 
be  specified  by  the  height  and  distance 
apart  of  the  lighting  units,  and  the  candle- 
power  as  measured  in  the  direction  of  the 
thoroughfare  at  an  angle  of  ten  degrees 
below  the  horizontal. 

Minimum  Illumination. 

4.  The  "  minimum  illumination  "  of  a 
street  means  the  minimum  illumination 
on  a  horizontal  plane  at  a  height  of 
3  ft.  3  in.  above  the  groimd  level,  and 
may  be  measured  by  means  of  : — 

(a)  Any  suitable  illumination  photo- 
meter, or 

(6)  Any  suitable  photometer  adapted 
for  use  in  the  street  whicli  ^^•i]l  nieasm-e 
the  candle-power  of  tlae  lami)s  in  those 
directions  w  hich  meet  at  the  point  of 
minimum  illumijiations.  In  this  case 
the  miniinimi  illimiination  will  be 
calculated  by  adding  together  the 
values  of  the  illumination  received 
from  each  lamp  that  materially  con- 
tributes to  the  result.  In  this  con- 
nexion a  useful  table  will  be  found 
ia  .\j)pcndix  A  (p.  16.) 


Special  Illu?nination. 

5.  The  special  illumination  of  certain 
points  indicated  on  the  map  such  as  the 
corners  of  cross  streets  may  be  dealt  with 
by  specifying  the  positions  and  height  of 
lamps  and  illumination  at  those  points. 

Type  of  Photometer. 

6.  The    photometer    shall    be    of    the 

type,  or  of    such    other    type 

as  may  be  agreed  between  the  parties. 

Position  of  Lighting  Units. 

7.  The  approximate  positions  of  the 
lighting  units  are  indicated  on  the 
accompanying  map,  and  are  correct 
within  the  limits  of  deviation  marked 
thereon.  The  contractor  shall  indicate 
the  positions  of  all  the  lighting  units, 
either  by  completing  the  said  map  or  by 
a  descriptive  schedule  accompanying  his 
tender. 

Particulars  of  Lighting  Units. 

8.  Detailed  particulars  of  each  type 
of  lighting  unit  included  in  the  tender 
must  be  inserted  in  the  space  provided  for 
that  purpose  in  the  specification,  and 
must  include  a  statement  of  the  height  at 
which  it  is  proposed  to  place  the  centre  of 
light  of  each  type  of  unit  above  the 
street  surface,  subject  to  a  declared 
minimum. 

Drawings. 

9.  Drawings  of  all  details  as  required 
by  the  specification  shall  accompany  the 
tender. 

Samples. 

10.  Samples  shall  be  submitted  if 
required  before  the  acceptance  of  the 
tender. 

Number  of  Lighting  Units. 

11.  The  number  of  each  type  of  lighting 
imit  required  must  be  inserted  in  the 
tender,  with,  if  called  for,  a  quotation  for 
the  provision,  fixing,  and  connexion  of 
the  necessary  apparatus,  and  the  price 
per  annum  for  maintenance  and  for .... 
hours'  lighting,  on  which  the  tender  is 
based. 

Additional  Lighting  Units. 

12.  The  contract  will  provide  for  addi- 
tional ligliting  imits  if  required,  such 
increase  not  to  exceed.  ..  .per  cent,  and 
to  be  paid  for  at  the  quoted  rate  per 
lighting  miit. 
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Tests. 

13.  A  test  of  the  illumination  shall  be 
made  vinder  such  normal  atmospheric 
conditions  as  will  not  appreciably  affect 
the  accuracy  of  the  result,  and  at  a 
fairly  selected  point  not  being  in  the 
shadow  of  a  mantle,  lamp,  electrode, 
lantern  bar,  post,  tree,  or  other  obstruction. 

When  a  minimum  illumination  or 
candle-power  of  lighting  unit  is  specified 
it  shall  be  held  that  such  minimum  is 
obtained  if  the  average  of  the  measure- 
ments of  any  three  minima  between  con- 
secutive lighting  units  of  the  same  type 
does  not  fall  below  it. 


Contract  to  be  signed. 

14.  The  tender  contains  the  usual 
clause  that  the  provisions,  conditions,  and 
prices  named  therein  shall  form  the  basis 
of  a  contract  containing  the  necessary 
legal  provisions  to  ensure  its  fulfilment. 


Note  :   Special  Clauses. 

1.  Each  sj^ecification  may  contain 
sjoecial  clauses  to  meet  the  needs  of  the 
particular  locality. 

Detail  Prices. 

2.  In  cases  where  the  specification  only 
calls  for  the  supply,  delivery,  erection,  and 
connecting  up  of  the  lamjas,  or  any  of 
these  items,  the  following  further  details 
may  be  called  for  : — 

(a)  The  cost  of  the  necessary  fittings 
(excluding  cost  of  renewable  parts,  such 
as  lamps  or  mantles)  delivered  on  site. 

(6)  The  cost  of  erecting  same. 

(c)  The  cost  of  connecting  the  same 
to  source  of  supply. 

(d)  The  quantity  of  gas,  oil,  or 
electricity,  required  to  maintain  the 
degree  of  illmnination  specified,  and  the 
pressure  at  which  such  gas,  oil,  or 
electricity  is  to  be  supplied. 


Heads  of  Clauses  for  CoJitract. 

15.  The  contract  will  also  include  pro- 
visions for  : — 

(1)  Ensuring  the  lighting  of  all 
lamps  diu'ing  fog  at  prices  to  be  quoted. 

(2)  Execution  of  work  in  such  manner 
as  may  be  necessary  for  the  con- 
venience and  safety  of  the  public, 

(3)  Indemnifying  the  Council  against 
claims  arising  out  of  the  execution  or 
maintenance  of  the  work  or  failure  of 
the  lighting. 

(4)  Payment  of  moneys  due  for 
work  done. 

(5)  Defining  the  responsibilities  of  the 
contractor,  and  to  enforce  the  condi- 
tions of  the  specification  and  tender 
with  due  regard  to  practical  difficulties. 

The  following  clause  being  suggested  as 
a  guide  : — 

The  intention  of  the  contract  is  that 
during  the  maintenance  guaruntcie  j^eriod 
of  a  construction  contract,  and  during  tlie 
term  of  a  lighting  contract  the  contractor 
shall  assure  himself  that  the  lamj)s  ho 
jirovides  are  during  lighting  hours  ful- 
iilluig  in  all  respects  the  requirements  of 
the  contract,  and  ho  sliall  not  claim 
relief  from  the  conditions  of  tlie  (^oulracrt 
on  the  grounds  of  non-notification  on  the 
part  of  tJio  Council  of  any  failure  to 
comply  with  the  terms  of  the  contract. 


Detail  Maintenance. 

3.  It  may  also  be  necessary  in  some 
cases  to  call  for  the  cost  of  maintenance 
divided  up  under  the  following  headings  : 

(1)  Maintenance  of  all  joarts  such  as 
posts,  fixtures,  or  fittings,  including 
cost  of  cleaning  and  i^ainting  at  stated 
intervals. 

(2)  Maintenance  of  all  renewable 
parts  such  as  mantles,  lamps,  or  carbons, 
including  labom*  connected  therewith. 


APPENDIX    B. 

Draft  Requirements  for  the  Testing 

AND  FOR  THE  USE  OF  A  StREET  PHOTO- 
METER. 

A.  General  Requirements  for  All  Classes. 

B.  Requirements  for  a  Candle-Powzr  Photo- 

meter. 

c.  Requirements  for  an  Illumination  Photo- 
meter. 

A.  General  Requirements  for  All  Classes  : 

( 1 )  Division  or  Graduation. — The  instru- 
ment to  be  so  made  that  it  can  be  verified 
at  any  time  for  accuracy  of  graduation 
l)y  direct  test  on  a  pliotomelric  bench  with 
the  liglit  falling  perpendicularly  on  the 
test-i)lati'.  This  verification  to  be  made 
at  not  less  than  5  |)oints  on  th(>  scale,  the 
error  untler  laboratory  conditions  not  to 
exceed  +  or  -  3  per  cent  at  readings  above 
0"05  foot-candles. 
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Table  prepared  p.y  Mr.    Haydn   T.    Harrison,  giving  the  candle-power  I  necessary  to 

PRODUCE   A    MINIMUM   ILLUMINATION   OF   O-Ql    FOOT-CANDLE    ON   A   HORIZONTAL   PLANE   3  FT.    3f  IN. 
ABOVE   THE   GROUND.       D   IS   THE    DISTANCE    APART   OF   THE    LAMPS.        9    IS   THE   ANGLE    WHICH   THE 

RAY   MAKES    WITH   THE    HORIZONTAL. 
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(2)  Range. — The  scale  shall  include 
either  directly  or  by  means  of  adjustments 
for  various  grades,  a  range  from  0"003  to 
3  foot -candles. 

(3)  Constant. — Before  and  after  making 
a  series  of  outdoor  tests,  the  constant  of 
the  scale  shall  be  verified  at  least  at  one 
point  on  the  scale  between  0*05  and  1  foot- 
candle  against  a  sub-standard.  If  an 
electric  accumulator  is  used,  it  shall  have 
been  run,  after  charging,  for  not  less  than 
15  minutes. 

(4)  The  Lamp  shall  be  tested  (together 
with  the  electric  battery,  if  any,  and  any 
controlling  resistance  or  measuring  instru- 
ments) at  about  mid-point  on  tlie  range 
for  15  minutes  continuously  without  sliow- 
ing  any  appreciable  change. 

(5)  The  Angle  of  Incide)ice  (that  is,  the 
angle  between  the  direction  of  the  ray  of 
light   to   be  measured  and   the  vertical) 


shall  be  measm-ed  to  2  degrees  by  suitable 
means. 

B.  Requirements  for  a  Candle-Power  Photo- 
meter : 

(1)  Stray  Light  from  neighbouring 
lamps,  buildings,  and  sky  shall  be  ex- 
cluded. 

(2)  The  height  of  the  test -screen  from 
the  ground  is  immaterial. 

c.  Requirements  for  an  Illumination  Photo- 
meter : 

(1)  The  test-i^late,  if  forming  part  of 
the  i:)hotometer,  shall  be  so  arranged  that 
it  may  receive  the  sum  of  the  illumina- 
tions of  neighbouring  lights  without 
obstruction. 

(2)  The  test-plate  shall  be  free  from 
polish  or  glaze,  and  the  photometer  shall 
be   tested  in   a  laboratory  for  variation 
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Height  in  feet. 
20  24 


10         12  14 


20  24 

Height  in  feet 


Graph  of  Mr.  H.  T.  IIarrison\s  Table. 


from  tlio  cosino  law.  Up  to  the  angle  of 
incidences  of  CO  degrees  this  total  varia- 
tion shall  not,  under  working  conditions, 
exceed  10  jx^r  cent. 


(3)  Provision  shall  be  nia<le  for  holding 
horizontally,  and  at  a  lu-ifxli"  of  3  ft.  3  in. 
above  the  ground,  the  test -plate  which 
receives  the  light  to  be  measured. 
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Discussion. 


Mk.  a.  p.  Trotter  remarked  that 
as  the  paper  had  been  for  some  time 
in  the  hands  of  a  good  many  of  the 
members  of  the  lUuminating  Engi- 
neering Society,  and  of  the  three  other 
institutions  invited  to  attend,  and  as 
it  had  been  announced  it  was  not  to 
be  read,  he  intended  to  make  a  few 
short  remarks  before  the  discussion 
opened. 

One  of  the  objects  of  the  Society 
which  he  was  addressing  was  to  study 
and  develope  the  use  of  artificial  Hght- 
ing.  The  members  of  the  three  insti- 
tutions who  were  invited  there  desired 
to  improve  the  standard  of  street 
ligliting.  The  paper  did  not  contain 
an}i;hing  that  was  original ;  it  might 
contain  something  which  was  new  to 
those  who  had  not  taken  part  in  the 
Committee  which  had  been  sitting  for 
such  a  long  time,  but  such  novelties 
as  it  did  contain  were  nothing  more 
than  those  which  had  been  discussed 
already  by  that  Committee.  The  paper 
was  frankly  controversial  ;  its  object 
was  to  stimulate  discussion  rather 
than  to  indicate  conclusions.  He  could 
not  help  having  his  own  ideas,  and 
might  probably  have  given  them  pro- 
minence in  the  paper.  At  the  same 
time  the  whole  object  of  it  was  to 
produce  further  discussion  than  could 
have  been  given  to  it  at  the  Committee. 

It  was  desirable,  on  the  other  hand, 
that  the  scope  of  discussion  should  be 
restricted  somewhat.  The  Avhole  sub- 
ject of  street  lighting  covered  an  enorm- 
ous ground  ;  for  example,  the  nature 
of  the  illuminant  was  quite  outside 
their  consideration.  They  were  there 
to  endeavour  to  promote  the  definite 
specification  of  street  lighting,  and  if 
anybody  had  a  favourite  kind  of  lamp 
or  reflector,  or  a  conviction  tliat  the 
lamps  should  be  many  and  small  or 
large  and  few,  what  they  had  to  con- 
sider was  whether  the  specification 
should  or  should  not  exclude  such  a 
proposal.     Such    proposals    could    be 


discussed  for  many  evenings,  but  the 
chief  point  before  them  was  the 
specification,  or  rather  the  clauses  upon 
which  the  specification  should  be  based, 
for  it  did  not  pretend  to  be  a  complete 
specification.  The  paper  admitted  that 
a  very  large  proportion  of  the  street 
lighting,  probably  80  per  cent,  must 
be  defined  and  measured  as  heretofore 
by  candle-power.  If  anybody  had 
any  other  mode  of  dealing  with  those 
low  classes  of  illumination,  it  would  be 
interesting  to  liear  of  it,  because  the 
Committee  coidd  not  see  any  way  of 
doing  it  except  by  candle-power. 

The  higher  grades  of  illumination 
were  really  those  which  he  ■\\'ished  to 
discuss,  and  the  first  question  was : 
Should  the  candle-power,  the  number, 
the  spacing,  and  the  height  of  the 
lamps  be  specified,  or  should  they  define 
the  result,  namely,  the  illumination 
received,  and  liaving  defined  the  results 
leave  the  details  to  the  competitive 
skill  of  contractors,  and  rivalry  and 
ingenuity  of  inventors  ;  to  give  a  free 
hand,  and  not  to  say  how  it  should  be 
done  ?  With  certain  reservations  which 
were  mentioned  in  the  specification, 
and  which  borough  surveyors  would 
have  to  look  after,  namely,  the  suitable 
placing  of  the  lamps  in  the  streets 
with  regard  to  traffic,  the  avoidance  of 
glare,  and  matters  of  that  sort,  it 
might  be  that  candle-power  would  be 
cho-sen  as  a  basis  ;  but  if  any  group  or 
body  of  engineers  decided  that  candle- 
poMer  was  to  be  the  basis,  then  he  was 
afraid  new  specifications  would  have 
to  be  framed,  because  the  one  put 
forward  was  confessedh'  based  upon 
illumination. 

But  if  the  illumination  basis  was 
accepted,  the  next  question  arose  : 
Should  the  minimum  illumination  upon 
the  liorizontal  plane  be  a  criterion  ? 
And  it  should  be  quite  understood  that 
even  if  that  was  accepted,  the  method 
of  measurement  was  left  Cjuite  open 
by  the  specification.     It  did  not  say 
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that  if  they  took  the   minimum  illu- 
mination upon  the  horizontal  plane  as 
the    criterion    that    that    illumination 
should  be  measured  directly  with  the 
illumination     photometer.      He,      Mr. 
Trotter,   should  prefer  to   do   so,   and 
thought  that  Sir  William  Preece,  who 
did    it    many    years    ago,    was    quite 
right ;    but  if  anybody  wanted  to  use  3, 
candle-power  pliotometer,  as  was  done 
in  Manchester,  and  from  those  candle- 
power    measurements    to    deduce    the 
illumination  upon  the  horizontal  plane 
by  calculations,  the  specification  sug- 
gested   it    might    be    done.     He    had 
endeavoured  to  explain  in  the   paper 
how  the  rest  should  be  done,  and  had 
given  arguments  for  and  against  these 
proposals,    and    if    the    discussion    re- 
moved the  objections  which  were  held 
by  some  engineers,   the  settlement  of 
the  remaining  clauses  of  the  specifica- 
tion should  give  no  serious  difficulty. 
Some  of  the  clauses  were  rather  beyond 
the  scope  of  a  scientific  society  possibly, 
but  they  had  at  the   meeting  of  the 
Committee  the   valuable   assistance  of 
several  borough  engineers  and  surveyors, 
and   it  was   those   people   who   would 
eventually  call  for  the  street  lighting, 
and  it  was  very  valuable  to  get  from 
them  the  clauses  which  they  thought 
should  be  put  into  such  a  specification. 
The  whole  question  of  taking  illumina- 
tion as  the  basis  presented  difficulties 
to  those  who  had  been  accustomed  to 
candle-power  work,  and  the  acceptation 
of   the   minimum   illumination   caused 
further  difficulties  to  people  who  had 
not      carefully      and      experimentally 
considered    it.        It    had    been     sug- 
gested   by    some    that     if     minimum 
illumination   was  taken   as   the    basis 
of    the     specification    for     a      street, 
one  would  have  a  lower    illumination. 
He   did  not  think  that  was  the  case, 
because    he    knew    of   no    street   of    a 
moderate   illumination  which   did  not 
contain  a  very  large  diversity  factor. 
It  was  only  when  they  came  to  very 
powerful  illuminations,   as  in  the  two 
streets   described   in   Manchester,   that 
one    got    a    small    difference    between 
the  maximum  and  the  minimum.     He 
did  not  tliink  that  any  dioptric  arrange- 
ment was  likely  to  be  invented  wliich 
would  so  distribute  the  light  uniformly 


over  a  street  that  they  would  be  able 
to  get  a  low  diversity  factor  with  a 
moderate  illumination. 

One  striking  part  of  the  paper,  he 
thought,  was  the  record  of  the  work 
done  for  the  Committee  by  the  borough 
engineers  and  surveyors.  They  had 
examined  a  large  number  of  streets, 
and  had  scheduled  them  into  three 
groups,  excluding  the  very  brilHant 
lighting  of  Oxford  Street  and  Regent 
Street.  Some  of  the  streets  were 
afteru^ards  measured  by  a  photometer, 
and  it  was  found  by  makmg  a  list 
in  order  of  merit  from  the  photometric 
measurements  of  the  minima  that  the 
grouping  Avas  exactly  those  which  the 
borough  surveyors  had  judged  by  eye  ; 
it  further  showed  that  the  maxima 
were  all  over  the  place.  It  was  when 
the  minima  were  put  down  in  order  of 
merit  that  the  very  great  illumination 
came  out,  and  it  convinced  him  that 
the  highly  experienced  men  looking  at 
street  after  street  were  unconsciously 
influenced  by  the  minimum  illumination 
they  were  discussing,  and  it  -was  on 
that  basis  that  they  grouped  the  streets 
into  various  classes. 

In  conclusion,  Mr.  Trotter  asked  that 
the  discussion  might  be  treated  on  as 
broad  lines  as  possible.  There  were, 
no  doubt,  man}^  engineers  of  great 
skill  who  thought  they  properly  under- 
stood the  fighting  of  their  own  par- 
ticular district,  but  the  specification 
(if  it  was  going  to  be  any  good)  must 
be  a  specification  practically  for  the 
use  of  the  whole  country,  and  it  was 
therefore  very  important  that  they 
should  try  to  get  unanimity  if  possible, 
or  at  any  rate  a  large  majority,  to 
agree  to  a  specification  wlvich  could 
be  used  in  all  of  the  larger  towns  of  this 
countr3^ 

Mr.  W.  H.  Patchell  said  that  the 
last  meeting  of  the  Committee  had 
shown  that  they  could  not  come  to 
any  \manimous  decision,  and  that 
there  W(nv  tliree  courses  open  to  them, 
one  Avas  to  coerce  objectors,  the  second 
was  to  modify  the  specification,  and 
the  third  was 'to  educate  pco})le  iq)  to 
it.  They  had  come  to  the  conclusion 
that  if  they  could  get  the  matter  aired 
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on  neutral  ground  they  would  probably 
be  able  to  take  the  thkd  course. 

He  M'as  very  glad  to  be  able  to  take 
this  opportunity  of  thanking  the  councils 
of  the  three  institutions  concerned 
who  had  given  permission  for  the  mate- 
rial collected  in  the  course  of  the 
investigations  to  be  thrown  into  the 
form  of  a  paper.  Our  thanks  were  also 
due  to  the  Illuminating  Engineering 
Society  for  their  permission,  and  especi- 
ally the  opportunity  of  discussing  this 
paper,  and  particularh^  were  our  thanks 
due  to  Mr.  Trotter  for  writing  the 
paper.  The  Committee  had  been  ex- 
ceptionall}^  fortunate  in  having  among 
them  ]\Ir.  Trotter,  as  he  had  made 
illumination  his  hobby  and  a  labour 
of  love  for  the  last  thirty  years,  and 
if  the  discussion  on  the  paper  enabled 
us  to  come  to  a  unanimous  decision 
on  a  ch'aft  specification  it  would  be 
in  a  very  large  measure  due  to  Mr. 
Trotter's  efforts.  He  gladly  took  the 
opportunity  offered  by  the  Chairman, 
and  formally  jiroposed  a  very  hearty 
vote  of  thanks  to  Sir.  Trotter. 

One  of  the  most  striking  things  in 
the  paper  was  the  report  of  the  sur- 
veyors. It  was  all  very  well  for  a 
London  man  to  say  he  wanted  a  street 
to  be  illuminated  like  the  Strand  or 
Regent  Street,  or  some  part  of  White- 
chapel,  but  it  was  difficult,  without 
measurement  of  illumination,  to  trans- 
late the  Strand  or  Regent  Street  as  a 
standard  of  reference  for,  say,  New- 
castle. The  schedule  of  measurements 
showed  that  the  surveyors  knew  tlieir 
business  absolutely  ;  he  thought  per- 
haps even  better  than  they  themselves 
realized  ;  they  knew  exactly  what 
they  wanted  and  when  they  got  it ! 

While  the  investigations  were  pro- 
ceeding the  Committee  had  thought  it 
advisable  to  get  the  feeling  of  the 
police  on  the  matter  of  illumination  ; 
also  of  the  motor  drivers,  to  see  what 
tlie}'  had  to  say  about  it.  He,  Mr. 
Patchell,  liad  written  to  one  of  the 
leading  members  of  the  Royal  Auto- 
mobile Club,  whos3  rcpl}^  was  to  the 
effect  that  the  darkest  street  suited  his 
purpose  best,  for  so  long  as  he  was 
driving  in  a  dark  street  or  in  the  country 
lie  was  perfectly  happy  with  his  OMn 
head  lamps,  but  when  he  came  into  a 


brightly  lit  street  he  was  dazzled  and 
objected  to  it.  In  fact,  it  was  easy  to 
see  that  he  would  prefer  concealed 
lighting,  which  was  now  so  commonly 
used  in  up-to-date  shops,  and  however 
gladly  those  interested  in  the  sale  of 
gas  or  electricity  might  welcome  the 
suggestion  of  lighting  streets  in  this 
fashion,  he  was  afraid  that  those  who 
would  have  to  pay  the  bill  would  find 
such  a  scheme  impracticable. 

There  was  one  report  made  to  the 
Committee  which  the  author  did  not 
include,  that  was  the  report  made  by 
Prof.  J.  T.  Morris  on  a  series  of  tests 
to  show  the  agreement  between  illu- 
mination of  a  horizontal  surface  and 
that  calculated  from  direct  illumination 
from  several  sources.  The  result  of 
several  tests  gave  a  calculated  maximum 
deficiency  of  22  per  cent  and  a  mean 
deficiencj^  of  11  per  cent.  In  one  case 
there  was  a  calculated  excess  of 
3  per  cent ;  this  was  an  instance  of  low 
illumination,  and  brought  out  the 
difficulty  of  measuring  very  low  illu- 
mination on  a  horizontal  plane,  because 
of  the  stray  liglit  effect.  He  hoped 
this  point  would  be  further  dealt  with 
in  the  discussion. 

jVIr.  F.  W.  Goodenough  said  that 
he  should  like  to  be  permitted,  as 
Chairman  of  tlie  Council  of  the  Society, 
to  second  the  vote  of  thanks  which 
Mr.  Patchell  had  moved  in  his  very 
interesting  speech. 

They  Avere  very  fortunate  in  having 
had  a  paper  from  sucli  an  authority 
on  the  subject  of  photometry  as  Mr. 
Trotter.  The  question  was  undoubt- 
edly a  rather  controversial  one.  The 
author  had  said  that  the  Society 
existed  for  studying  and  developing 
the  use  of  artificial  illumination,  and 
to  raise  the  standard  of  artificial  light- 
ing in  all  directions  in  which  artificial 
illumination  had  to  be  used.  As  Mr. 
Mr.  Patchell  had  remarked,  the  Society 
was  neutral  ground  for  tlie  discussion  of 
tliose  questions,  quite  irrespective  of 
Mhat  iUuminant  Avas  used  for  producing 
tlie  illumination,  and  that  was  a  point 
he  Avas  sure  they  would  all  bear  in 
mind  in  the  discussion  on  the  paper. 
They  were  there  to  try  to  find  a  satis- 
factory specification  wliereby  the  public 
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might  be  sure  of  obtaining  the  t^^^pe 
of  ilhimination,  and  the  resultant  iUu- 
mination  of  their  streets  which  they 
desired.  They  had  to  discuss  to  wliat 
extent  the  draft  specification  put 
before  them  in  Mr.  Trotter's  paper 
lent  itself  to  that  object,  and  whether 
any  improvement  could  be  made  in  it 
to  bring  it  nearer  to  the  ideal. 

He  had  much  pleasure  in  seconding 
the  \ote  of  thanks,  which  he  was  sure 
they  would  accord  with  acclamation, 
and  to  which  he  would  ask  Mr.  Trotter 
to  respond  at  tlie  close  of  the  discussion, 
whicli  lie  then  declared  open. 

Mr.  Haydn  T.  Harrison  agreed 
with  the  author  that  lighting  autho- 
rities should  settle  what  it  was  they 
wanted  to  buy,  a  question  which  so 
far  had  never  yet  been  satisfactorily 
settled.  They  had  got  into  a  groove, 
and  generally  only  specified  that  a 
street  so  many  yards  long  should  have 
so  many  lamp  posts  supporting  a 
certain  class  of  lamps,  but  whether 
the  lamps  gave  anything  in  the  way  of 
light  or  illumination  A\as  apparently 
a  matter  of  no  importance  whatever. 

The  object  of  the  specification  was  to 
reduce  to  an  agreed  basis  the  result, 
Avhether  it  be  candle-power  per  lamp, 
horizontal  illumination,  or  direct  illu- 
mination. He  did  not  object  to  the 
basis  of  illumination,  but  to  the  basis 
of  measured  minimum  illumination. 
The  minimum  illummation  in  cer- 
tain classes  of  streets  was  so  low 
that  they  could  not  conveniently 
measure  it.  It  is  true  they  had  to 
measure  illumination  in  order  to  ascer- 
tain the  candle-poM'cr,  but  not  minimum 
illumination  ;  and  there  was  a  very  large 
number  of  streets  where  they  could  not, 
under  the  open-air  conditions,  measure 
the  minimum  horizontal  illumination 
accurately.  Thus  it  Avas  necessary 
to  measure  the  illumination  at  a  con- 
venient distance  from  the  lamp,  and 
from  that  calculate  the  minimum 
iiorizontal  illumination.  For  instance, 
the  majority  of  streets  were  lighted  l)y 
50  candle-power  lamps  on  posts  10  ft. 
to  12  ft.  high — quite  a  usual  height — 
and  50  yards  apart.  If  the  specifica- 
tion that  had  been  drawn  u])  by  the 
Committee    had   stated    the    minimum 


illumination  of  streets  beloAV  '01  they 
would  have  classified  a  very  mucli 
larger  range  of  streets  than  at  present 
come  into  the  illumination  specification. 
They  would  notice  all  the  "  A " 
streets  had  '01  foot-candles,  and  beyond 
that  they  gave  a  clause  which  allowed 
one  to  calculate  what  the  minimum 
illumination  would  be  by  measuring 
the  candle-power.  If  they  decided 
to  have  a  horizontal  illumination  basis 
as  a  specification  of  what  the  average 
streets  were  to  be,  it  would  have  been 
such  a  low  horizontal  basis  that  it 
would  have  been  liable  to  error  in 
measuring  dkect ;  for  this  reason  the 
Committee  had  come  to  the  conclusion 
that  the  most  badly  lighted  streets  on 
which  they  could  give  a  horizontal 
basis  of  illumination  was  "01.  Below 
that  point  the  basis  should  be  a  measure- 
ment of  the  candle-power,  provided  that 
the  measurement  was  made  at  an  angle 
which  would  reach  the  point  of  minimum 
illumination.  This  was  one  way  of 
dealing  with  it,  but  the  speaker  would 
like  to  have  scheduled  the  low  hori- 
zontal illumination  as  calculated  from 
the  c.-p.  measurements,  which  would 
be  accurate,  because  they  -would  be 
measuring  the  candle-power  of  the 
lamps  at  a  much  higher  degree  of  illu- 
mination, and  the  error  for  extraneous 
light  AA'Ould  be  appreciably  small. 

Regarding  the  more  highly  illu- 
minated streets,  he  quite  realized  that 
as  time  went  on  the  lighting  of  all 
streets  -would  naturally  increase  on 
account  of  tlie  demands  of  increased 
speed  of  traffic,  and  on  account  of  the 
demands  of  the  people.  The  author 
had  given  a  criterion  of  the  problem 
in  one  of  his  clauses,  namely,  tluit  at 
the  present  time  illumination  of  the 
streets  was  governed  by  ho^\'  much 
money  could  be  taken  from  the  rates 
for  the  purpose  of  street  lighting,  and 
naturally  in  London,  wealthy  boroughs 
and  councils  Avere  able  to  devote  much 
more  money  to  street  lighting  than 
was  the  case  in  the  country.  If  the 
specification  were  to  l)ecome  general, 
it  Mould  enable  peoi)le  to  see  that  tlicy 
got  the  proper  illumination  for  the 
amount  of  money  they  had  at  their 
disposal.  He  could  quite  understand 
the  motorist's  preference  for  the    street 
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with  no  lamp  at  all,  but  the  motorist 
would  not  have  made  that  remark  if  he 
had  been  thinking  of  a  street  in  which 
the  lamps  were  placed  at  distances,  say, 
of  50  ft.  Small  candle-power  lamps 
50  ft.  apart  would  be  the  ideal  lamp 
for  the  motorist.  What  they  objected 
to  was  the  passing  from  a  position  of 
darkness  to  a  position  of  extreme 
brightness.  The  minimum  horizontal 
illumination  specification  got  over  the 
difficulty,  as  it  would  ensure  a  street 
being  illuminated  up  to  a  certain 
minimum  amount. 

This  was  not  the  first  attempt 
at  a  specification  for  street  lighting. 
Other  countries  had  considered  the 
problem,  and  dealt  with  it  on 
much  the  same  lines,  namely,  by 
horizontal  illumination  at  a  specified 
height  above  the  ground.  At  the  dis- 
cussion on  a  paper  read  this  yea,Y 
before  the  Institution  of  Electrical 
Engineers  the  question  of  the  height 
of  measurement  above  ground  level 
was  raised.  Nearly  every  street  photo- 
meter which  he  had  used  had  been 
arranged  for  measuring  at  a  metre  above 
the  ground  level,  M^hich  Mas  the  most 
convenient  height ;  and  another  ad- 
vantage of  this  height  was  that  it  Avas 
half-way  between  the  ground  level 
and  the  objects  looked  at,  such  as  the 
faces  of  pedestrians  or  the  numbers  of 
houses.  He  thought  that  if  a  lighting 
authority  gave  a  satisfactory  horizontal 
illumination  at  one  metre  above  the 
ground  level,  they  would  certainly 
give  a  very  much  more  satisfactory 
horizontal  illumination  on  the  ground 
level.  For  the  reason  that  if  they  had 
"01  foot-candle  at  one  metre  above 
the  ground  M'ith  the  average  height  of 
post  they  Avould  probably  get  -02  on 
the  ground.  The  main  difference  of 
opinion  on  tlie  specification  lay  between 
whether  one  sliould  measure  the  candle- 
power  of  illumination.  He  had  been 
in  the  habit  of  measuring  the  candle 
beam  by  putting  the  photometer  in  the 
most  convenient  position  for  measuring, 
and  then  calculating  the  candle-power 
and  minimum  horizontal  illumination 
aften\'ards.  His  reason  was  that  in  all 
street  measurements  at  least  90  per 
cent  hiid  to  be  done  in  places  where 
the  candle-power  of  tlie  lamps  rarely 


exceeded  50  to  100,  and  to  measure 
a  lamp  of  50  c.-p.  at  100  ft.  from  it  was 
certainly  to  court  inaccuracy ;  he 
would  prefer  in  this  case  to  measure 
at  a  distance  of  20  ft. 

As  far  as  the  question  of  measure- 
ment in  the  lower  grade  streets  was 
concerned,  the  specification  now  pre- 
sented no  difficulty.  The  contractor 
who  was  asked  to  tender  for  the  work, 
and  the  engineer  or  surveyor  who  wished 
to  satisfy  himself  that  the  work  had 
been  done  properly,  were  all  able  to 
carry  out  such  tests.  Taking  the 
specification  as  a  whole,  he  considered 
that  it  would  be  extremely  difficult 
for  any  society  to  improve  upon  it ; 
therefore  those  societies  which  had 
joined  together  in  drafting  it  deserved 
the  thanks  of  both  their  members  and 
the  public. 

Mr.  R.  Watson,  expressed  his 
thanks  to  the  Council  of  the  Illuminat- 
ing Engineering  Society  for  the  invita- 
tion they  had  extended  to  take  part 
in  the  discussion  of  what  was  an  inter- 
esting topic — street  illumination — and 
also  for  the  opportunity  of  meeting 
friends  engaged  in  the  same  work, 
although  representing  another  phase  of 
it. 

Mr.  Trotter's  interesting  paper  was 
a  fair  presentment  of  the  Proceed- 
ings of  the  Joint  Committee  which 
had  been  meeting  for  a  considerable 
time  to  consider  and  draw  up  clauses 
for  inclusion  in  the  Standard  Specifica- 
tion. Although  Mr.  Trotter  advocated 
the  adoption  of  the  specification  as 
it  had  been  drafted,  he  was  bound  to 
admit  that  his  treatment  of  the  subject 
had  been  a  very  fair  and  impartial  one. 
The  fundamental  basis  of  the  specifica- 
tion noAv  drafted  was,  that  street 
lighting  should  be  judged  by  the  mini- 
mum illumination  obtained  at  a  point 
in  the  street,  that  point  being  usually 
midway  between  the  lamps,  and  that 
that  illumination,  expressed  in  foot- 
candles,  should  be  measured  or  com- 
puted as  received  on  a  test-screen  placed 
horizontally  at  a  height  of  3  ft.  3  in. 
from  ground  level.  No  great  objection 
had  been  rais?d  in  the  Joint  Com- 
mittee to  street  tests,  nor  to  the  accepta- 
tion of  the  minimum  illumination  as 
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the  basis  of  a  contract,  with  one  foot- 
candle  as  the  unit ;  it  was  when  they 
came  to  the  question  as  to  how  that 
minimum  illumination  should  be  aj)- 
praised  that  there  were  apparent  differ- 
ences of  opinion.  The  draft  specifica- 
tion clearly  proposed  that  street  illu- 
mination should  only  be  appraised  by 
measuring  or  computing  the  illumina- 
tion in  foot-candles  on  a  horizontal 
plane,  and  that  all  results  should  be 
expressed  in  horizontal  plane  foot- 
candles,  and  it  Mas  with  that  stipula- 
tion that  some  of  them  felt  bound  to 
disagree.  Those  who  represented  the 
Institution  of  Gas  Engineers,  and  pos- 
sibly one  or  two  other  members  of  the 
Committee,  did  not  consider  that  the 
computati-^n  and  expression  of  illu- 
mination values  in  horizontal  foot- 
candles  afforded  any  true  guide  to  the 
actual  illumination  received  and  used 
by  people — ^pedestrians,  drivers,  and 
others — in  the  street  ;  nor  did  they 
consider  that  those  values  equitably 
represented  the  comparative  merits  of 
lamps  of  different  polar  distribution  or 
of  different  heights  and  location.  Un- 
happily, the  representation  of  the  In- 
stitution of  Gas  Engineers  on  the  Com- 
mittee was  numerically  very  small — 
two  or  three  only  out  of  a  large  Com- 
mittee— and  their  views  were  therefore 
not  reflected  in  the  draft  Standard 
Clauses.  His  own  opinion  was, 
strongly,  that  the  illumination  actually 
and  chiefly  used  in  the  streets,  and 
which  therefore  municipalities  were, 
or  should  be,  "  out  to  buy,"  was  of  the 
direct-ray  character,  and  that  therefore 
the  candle-poNver  of  any  lamj)  or  its 
direct-ray  foot-candle  equivalent  at 
the  point  of  minimum  illumination  was 
of  the  greater  importance.  For  the 
purpose  of  seeing,  recognizing,  or  avoid- 
ing collision  with  other  people  or 
vehicles,  houses,  walls,  and  the  like, 
they  used  the  direct  light  which  was 
falling  upon  them ;  even  when  a 
person  was  approaching  them  from  a 
lamp,  his  figure  was  silhouetted  against 
the  direct-light  source  beliind  him,  and 
contact  was  avoided  because  of  that 
fact.  This  was  surely  the  case  with 
motor  or  other  vehicle  drivers,  who 
rarely  looked  u])on  the  ground,  being 
more   concerned   with   what  was   im- 


mediately in  front  of  them.  They  did 
not  particularly  interest  themselves  with 
the  ground  illumination  ;  still  less  with 
horizontal  plane  illumination  at  a 
height  of  3  ft.  or  4  ft.  above  ground 
surface. 

Superintendent  Bassom,  of  the  Public 
Carriage  Department  of  Scotland  Yard, 
on  his  attendance  at  one  of  the  meet- 
ings of  the  Joint  Committee  alluded  to 
by  Mr.  Trotter,  stated  that  cross- 
traffic  at  street  junctions  always  re- 
quired great  consideration.  One  could 
not  conceive  that  anything  but  direct 
light  would  be  of  service  to  a  driver 
if  he  wished  to  avoid  collision  in  such 
a  case.  Under  ordinary  street  condi- 
tions one  rarely  looked  upon  the 
gi'ound,  and  even  if  one  did,  it  was  a 
question  whether  less  use  was  not  made 
of  the  horizontal  plane  illumination 
from  several  lamps  than  the  light  from 
the  lamps  in  front  shining  on  the 
ground  and  being  reflected  in  direct 
rays  to  the  eyes.  The  purpose  of  illu- 
mination in  the  streets  was  C|uite  un- 
like that  in  halls  or  rooms,  where  read- 
ing, writing,  or  work  Avere  in  question, 
and  where  the  diffused  light  from 
ceilings  and  walls  constituted  an  im- 
portant factor. 

Proceeding,  Mr.  Watson  said  that, 
apart  from  their  views  that  the  hori- 
zontal plane  method  of  appraisement 
did  not  apply  to  the  chief  uses  of  street 
illumination,  it  was  admitted  by  Mr. 
Trotter  that,  in  the  case  of  80  per  cent 
of  tlie  ligliting  of  the  country,  it  could 
not  be  used  at  all,  the  reason  being 
that  in  some  streets  and  roads  the  lamps 
were  too  widely  spaced  to  permit  of  ac- 
curate minimum  horizontal  illumination 
tests,  and  in  that  he  was  glad  to  say 
he  was  corroborated  by  Mr.  Harrison. 
In  the  majority  of  provincial  streets, 
he  was  afraid,  that  Avould  long  be  the 
case,  since  the  funds  of  the  munici- 
palities would  not  allow  them  to  be  as 
liberal  in  pubic  ligliting  as  they  could 
M-ish.  In  these  cases  (80  per  cent  of 
the  whole)  candle-power  measurements 
were  in  accordance  witli  the  specifica- 
tion to  be  adopted.  In  other  words, 
the  appraisement  and  expression  of 
the  illumination  ()l)tained  Avere  to  be 
virtually  in  direct  foot-candle  values, 
and  Mr.  Harrison  had  told  them  that 
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it  was  illumination  which  was  to  be 
measured  whatever  the  distance  might 
be.  Hence  the  desired  uniformity  and 
standardization  of  illumination  methods 
of  computation  were  as  far  away  as 
ever.  In  the  meantime  the  specifica- 
tion legislated  for  only  20  per  cent  of 
the  lighting  of  the  country,  and  de- 
manded computation  by  methods  as 
to  which  there  was  still  some  fair 
diversity  of  opinion,  not  only  in  this 
country,  but  in  America  and  on  the 
Continent.  In  America  lighting  au- 
tliorities,  both  gas  and  electric,  believed 
in  the  appraisement  of  street  illumina- 
tion on  the  basis  of  the  light  received 
on  a  screen  placed  perpendicular  to 
the  light  ray.  The  Association  of  Gas 
Engineers  in  Austria-Hungary,  accord- 
ing to  Prof.  Strache,  did  not  even 
believe  in  the  specification  of  minimum 
illumination,  and  were  in  favour  of  the 
stipulation  of  candle-power  for  con- 
tracting purposes. 

The  replies  received  to  the  queries 
advanced  by  The  Illuminating  Engineer 
some  time  back  were  various,  and  to 
some  extent  conflicting.  Four  or  five 
of  the  eleven  replies  were  against  street 
tests  altogether.  A  number  of  the 
replies  (principally  from  the  electrical 
industry),  dealing  with  horizontnl  plane 
methods  of  computation,  wanted  either 
confirmatory  laboratory  tests  or  tests 
of  vertical  illumination,  apparently  con- 
sidering the  latter  of  importance.  In 
other  cases  a  statement  of  the  maximum 
and  mean  as  well  as  the  minimum  illu- 
mination was  required.  The  latter  was 
the  case  of  the  German  Electrical  Asso- 
ciation, whose  conclusions,  by  the  M'ay, 
were  arrived  at  by  a  comparison  of  two 
systems  of  testing  only,  namely,  the 
horizontal  and  vertical  plane  (not  direct- 
ray)  methods  of  testing.  The  vertical 
plane  under  a  lamp  had  some  of  the 
defects  of  the  horizontal  plane  used  at 
a  distance  from  the  lamp. 

Moreover,  the  horizontal  plane 
computation  of  illumination  values 
was  not  a  fair  and  impartial 
method  of  appraisement,  since  equal 
justice  could  not  be  done  nor  unfair 
penalization  avoided  in  the  case  of 
lamps  of  different  polar  distribution, 
and  with  different  heights  and  location. 
It  may,  for  instance,  be  deemed  advis- 


able in  many  cases  to  use  closely 
spaced  lamps  of  moderate  height  for 
the  purpose  of  ensuring  we  11- distributed 
and  diffused  illumination.  By  direct- 
ray  testing  evidence  of  the  value  of 
such  a  scheme  would  be  obtained,  but 
b}^  the  horizontal  plane  method,  with 
a  test-screen  not  much  lower  than  the 
light  source,  the  light  would,  by  reason 
of  its  obliquity,  give  very  low  readings. 
On  the  other  hand,  a  light  source 
raised  to  a  greater  height,  while  not 
giving  the  particular  illumination  de- 
sired, would  yield  higher  figures  because 
the  liglit  rays  coming  from  above  were 
virtually  approximating  to  the  direct- 
ray  character.  In  speaking  of  lamps 
of  moderate  height,  low  lamps  were 
not  necessarily  meant,  so  that  glare 
(if  any)  need  not  be  considered.  He 
did  not  agree  with  Mr.  Harrison  that 
the  usual  height  of  a  lamp  was  10  ft. 
He  had  never  bought  a  lamp  column 
under  that  figure,  and  when  the 
height  of  the  lantern  was  added,  it 
came  to  nearly  12  ft.  Lamps  used  for 
good  illumination  were  not  much  less 
than  15  ft.  or  16  ft.  in  height,  and  were 
therefore  sufficiently  high  above  the 
line  of  vision.  Apart  from  that,  how- 
ever, Superintendent  Bassom,  of  Scot- 
land Yard,  told  the  Joint  Committee 
that  he  did  not  think  that  the  glare  in 
itself  was  the  cause  of  accidents,  although 
sometimes  given  as  an  excuse. 

It  was  interesting  to  note  with  regard 
to  horizontal  plane  testing  that,  if  in 
starting  from  a  midway  point  betAveen 
two  lamps,  the  test-screen  was  traversed 
toAvards  one  of  the  lamps,  the  rays 
became  more  and  more  direct,  and 
therefore  less  affected  by  the  Cosine 
Law.  Hence  in  the  vicinity  of  the 
lamps  there  was  little  difference  between 
horizontal  and  direct-ray  readings,  al- 
though the  values  at  the  midway 
point  were  altogether  different,  which 
seemed  certainly  to  suggest  that  the 
horizontal  method  was  inconsistent. 
That  was  borne  out  by  and  accounted 
for  the  large  diversity  factor  disclosed 
by  tests  made  in  this  way.  Table  No.  1 
in  the  Paper  showed  one  as  high  as 
67,  a  diversity  of  which  the  eye  Avas 
not  conscious  because,  as  he  believed, 
it  used  direct  rather  than  horizontal 
plane  illumination.     If  two  curves  of 
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liorizontal  plane  and  direct-ray  illu- 
mination obtained  between  two  lamps 
were  plotted  out  and  contrasted,  the 
diversity  differences  were  clearly  shown, 
and  he  would  give  as  an  example  a  test 
of  two  lamps  each  yielding,  say, 
1,000  c.-p.,  where  at  the  midway  point 
the  combined  horizontal  plane  illu- 
mination was  0086,  and  the  diversity 
factor  25  ;  whereas  the  single  mmimum 
direct-ray  reading  was  0181,  and  the 
diversity  factor  in  that  cas3  only  15. 
He  was  inclined  to  think  that  the 
latter  more  nearly  accorded  with  ocular 
experience,  and  therefore  suggested 
that  direct-ray  illumination  was  princi- 
pally used.  Even  if  the  horizontal 
plane  test  of  illumination  was  generally 
accepted,  there  would  appear  to  be 
differences  of  opinion  among  its  advo- 
cates as  to  its  application.  Tlie  writer 
of  the  leader  in  The  Electrician  of 
March  14th,  1913  (probably  reflectmg 
the  views  of  many  of  the  readers  of 
that  journal),  saw  no  reason  for  the 
specification  of  any  height  at  all,  "  con- 
sidering it  more  sensible  to  take  the 
street  level.  Horizontal  illumination 
was  required  for  showing  obstructions 
on  the  street  surface,  not  objects 
3  ft.  3  in.  above  the  surface."  The 
leader  went  on  to  say  ''  that  it  was 
vertical  illumination  that  was  required 
for  discriminating  objects  at  a  height, 
such  as  houses,  trees,  &c.,"  and  the 
"  &c."  might  be  taken  to  include 
vehicles  and  people.  It  was  an  uiter- 
esting  fact  that  in  the  recent  compari- 
son of  two  systems  of  lighting  in  Man- 
chester they  had  the  testimony  of 
several  gentlemen  representing  various 
interests  agreeing  that,  as  far  as  the 
eye  could  judge,  the  illumination  in 
the  one  case  was  as  good  as  the  other  ; 
and  street  photometer  tests  of  the 
horizontal  plane  illumination  Avere  re- 
quired to  suggest  any  difference.  In 
other  words,  it  would  seem  that,  if 
the  observers  were  lying  on  their  backs, 
and  their  eyes  occupying  the  position 
of  the  horizontal  screen,  they  Avould 
only  then  become  conscious  of  the 
horizontal  plane  differences  disclosed 
by  the  street  photometer.  So  far  as 
reflection  effects  were  concerned,  the 
dhect-ray  instrument,  in  which  the 
comparison  screen  could  be  placed  side 


by  side,  was  more  likely  to  yield  true 
results  than  the  horizontal  plane  photo- 
meter, where  one  screen  was  on  the 
outside,  and  the  other  inside  the  box. 

In  connexion  witli  the  effect  of  extra- 
neous light  in  street  tests  generally, 
Mr.  Watson  said  he  would  like  to  refer 
to  some  tests  that  had  been  made  for 
the  Joint  Committee.  One  member  of 
the  Joint  Committee  \vas  good  enough 
to  furnish  some  data  making  compari- 
sons between  the  measurement  of  illu- 
mination (00188  foot-candle)  received 
from  several  lamps  on  to  a  horizontal 
plane  test-screen,  and  measurements 
of  the  direct-ray  light  received  from 
each  of  the  several  lamps,  and  subse- 
quently corrected  to  the  horizontal 
basis  and  added  together  (00147  foot- 
candle).  It  was  interesting  to  note 
that  the  latter  differed  from  the 
former  by  as  much  as  22  per  cent, 
although  there  might  be  other  tests 
where  the  differences  Avere  less.  In 
view  of  the  fact  that  it  was  admitted 
that  direct-ray  tests  were  less  affected 
by  the  reflected  light  than  were  hori- 
zontal plane  tests,  these  experiments 
suggested  how  difficult  it  was  to  get 
comparable  and  fair  data  with  a  hori- 
zontal plane  test-screen.  There  was 
another  set  of  experiments,  made  with 
an  illumination  photometer,  A\'here 
first  of  all,  the  illumination  was  re- 
ceived and  measured  at  right  angles 
in  the  usual  way,  and  then  in  the  same 
way  with  a  10  in.  xH  in.  tube  attach- 
ment, in  order  to  get  the  net  illumina- 
tion— that  was  to  say,  eliminating  the 
reflected  light.  Those  tests  showed 
that  the  stray  illumination  with  the 
direct-ray  instrument  was  not  more 
than  1-6  to  5-7  per  cent.  While  those 
figures  showed  that  stray  light  had 
an  effect,  they  also  proved  that  an 
instrument  could  be  made  to  elimi- 
nate adventitious  illumination. 

A  furtlicr  advantage  was  tlie  fact 
that  the  higlier  readings  of  the  direct- 
ray  instrument  tended  towards  accu- 
racy of  result,  and  to  lessen  the  pos- 
sible errors  in  connexion  Avith  colour 
troubles.  One  point  in  particular 
should  be  mentioned — that  was  the 
disadvantage  of  appraising  street  illu- 
mination l)v  values  such  as  those  of 
the    horizontal    plane    method,    which 
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ran,  or  might  run,  into  small  figures. 
In  view  of  the  admitted  possibility  of 
errors,  due  to  the  personal  equation, 
the  instrument,  and  its  usage,  the 
higher  the  values  the  better.  Other- 
wise, contracts  Avould  have  to  provide 
for  a  sufficiently  large  margin  betAveen 
the  actual  and  the  expected  minimum 
street  illumination  before  fair  monetary 
penalization  could  be  imposed.  He 
was  inclined  to  think  that  the  diffi- 
culties of  the  horizontal  plane  t?st  in 
dealing  with  several  lamps  at  once 
had  been  a  deciding  argument  with 
some,  but  surely  it  would  not  be 
difficult  with  the  direct -reading  instru- 
ment to  contrive  to  make  it  sufficiently 
workable  so  as  to  facilitate  quick 
reading  of  two  or  three  lamps  in  succes- 
sion. He  believed  that  in  the  expres- 
sion of  those  opinions  he  was  voicing 
the  views  and  opinions  of  the  gi'eat 
majority  of  the  members  of  tlie  Institu- 
tion of  Gas  Engineeis,  and  certainly 
those  of  the  Council.  They  had  no 
wish  to  be  in  any  sense  inappreciative 
of  the  work  Avhich  had  been  done  by 
the  Joint  Committee — ^Avork  which  was 
certainly  of  great  value  ;  but,  holding 
the  views  they  did,  they  asked  at  least 
that  clauses  should  be  included  giving 
the  alternative  of  reading  the  specifica- 
tion as  dealing  with  minimum  illu- 
mination computed  and  expressed  in 
direct-raj^  foot-candle  values. 

The  form  of  the  Specffication  with  such 
an  alteration  would  not  be  materially 
altered.  The  classification  and  grading 
of  the  streets  were  good.  To  fit  in  A\ith 
the  alternative  clauses  all  that  might 
be  necessary  would  be  to  ascertain  the 
direct-ray  minimum  illumination  in  the 
streets  Avhich  were  taken  as  examples 
for  tlie  purpose  of  the  classification. 

Mr.  J.  G.  Clark  said  it  had  been  a 
great  pleasure  to  him  to  read  the  paper. 
Mr.  Trotter's  work  in  connexion  Avith 
lighting  i^roblems,  especially  those  relat- 
ing to  public  thoroughfares,  was  so  ^\cU 
knoAvn,  and  there  was  very  little 
doubt  tliat  Avhen  the  history  of  recent 
illuminating  engineering  developments 
came  to  be  written,  it  Avould  be  seen 
that  his  work  had  played  a  very  im- 
portant part. 

On  p.  246  Mr.  Trotter  mentioned  that 


"  it  was  probable  that  some  of  those 
Avho  disagree  v/ith  the  proposal  to 
measure  illumination  directly  on  a 
horizontal  plane  had  never  used  or 
perhaj)s  s^en  a  photometer  for 
that  work."  He  (jNIr.  Clark)  said  he 
found  it  difficult  to  agree  with  the 
proposal  to  measure  horizontal  minima, 
but  he  did  not  fall  into  the  category  of 
"  some  of  those  who  disagreed  "  alluded 
to  by  Mr.  Trotter.  The  department  to 
A\hicli  the  speaker  Avas  attached,  not 
only  had,  but  used,  eight  of  the  modem 
types  of  photometer,  so  that  his 
remarks  Avere  based  upon  some  little 
exjDerience.  He  thought  he  might 
safely  say  that  his  "  Trotter  "  photo- 
meter Avas  a  real  "  old  soldier,"  and 
AAOulcl  probably  A'ie  Avith  any  photo- 
meter in  existence  in  regard  to  the 
amount  of  AAork  that  had  been  done 
Avith  it. 

Hitherto  contracts  for  public  fighting 
had  been  based  on  the  measurement  of 
candle-poAA'er— that  is,  direct  illumina- 
tion— and  as  one  aa^Iio  had  had  con- 
siderable experience,  he  AA'ould  like  to 
say  that  that  method  had  the  \^ery 
important  merit  of  being  capable  of 
exact  definition,  and  conduced  to  a 
complete  understanding  betAA'een  the 
contracting  parties.  Any  one  Avho 
had  had  experience  in  specifications 
kncAV  hoAv  important  exact  definition 
Avas.  One  looked,  therefore,  for  some 
special  ach^antages  in  a  ncAV  method 
before  adopting  it.  While  admitting 
tlie  usefulness  of  measurements  of  hori- 
zontal illumination,  Mr.  Clark  Avas 
unable  to  say  that  they  AA-ere  capable 
of  such  exact  defmition  as  the  measure- 
ment of  normal  or  direct  illumination 
at  a  sjDecified  angle  (i.e.,  of  course, 
candle-poAver),  and  his  experience  had 
led  him  to  belieA'e  that  horizontal 
illumination  should  ahvays  be  sub- 
ordinated to  the  more  exact  method. 

In  revicAving  the  Author's  case  for 
the  horizontal  method,  Mr.  Clark  said 
that,  on  p.  6,  it  AA'as  stated  that  there  Avas 
a  great  saving  of  time  by  adopting  the 
non-mathematical  horizontal  method. 
He  had  ncA'cr  experienced  the  mathe- 
matical tediousness  alluded  to  by  Mr. 
Trotter — a  good  sfide-rule  did  the  Avork 
quite  easily.  The  large  number  of 
observations     necessary    to     find    the 
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horizontal  minima  would,  to  him,  b3  far 
more  fatiguing  than  a  simple  calcula- 
tion on  a  slide-rule.  The  Author 
stated  that  the  horizontal  minima  was 
extended  over  a  considerable  area,  and 
therefore  was  easily  found.  Although 
that  might  be  true  in  a  number  of 
cases,  there  were  still  many  others 
where  difficulty  might  arise.  If  one 
divided  a  thoroughfare  into  several 
tracks,  all  parallel  to  the  axis  of  the 
street,  and  explored  the  illumination 
along  the  centre  of  each  of  them,  it 
would  be  found  that  the  minimum  was 
sometimes  in  one  track  and  sometimes 
in  another,  depending  on  the  disposi- 
tion of  the  light  sources  ;  in  fact,  his 
experience  had  led  him  to  believe  that 
a  special  exploration  or  survey  was 
necessary  to  find  the  minimum,  and 
even  then,  owing  to  its  usually  low 
value,  it  would,  he  feared,  be  difficult 
to  be  sure  of  being  within,  say,  10  per 
cent.  It  Avould,  therefore,  seem  that 
if  horizontal  minima  were  to  be  taken 
for  evaluation  purjioses,  a  definite  posi- 
tion ought  to  be  specified  to  avoid  the 
perambulation.  Mr.  Clark  showed  some 
slides  illustrating  this  point. 

Proceeding,  Mr.  Clark  said  that  the 
Author  dismissed  the  question  of  reflec- 
tion from  walls  as  unimportant.  It 
may,  however,  be  important  sometimes, 
especially  if  the  wall  was  glazed. 
Regular  reflection  from  the  windows  of 
the  houses  was  sometimes  a  really 
serious  matter  if  not  guarded  against. 
It  was  these  little  things  that  might 
sometimes,  though  not  always,  hajipen, 
that  left  so  much  room  for  misunder- 
standing w^here  the  horizontal  mijiima 
was  taken  as  a  basis.  Shop  lighting 
also  interfered  Avith  accurate  measure- 
ments of  horizontal  minima,  although 
this  difficulty  could  be  overcome  by 
deferring  the  work  until  after  closing- 
time — a  course,  by  the  way,  that 
would  not  be  welcomed  by  those  who 
had  to  do  the  Avork.  Mr.  Trotter  had 
admitted  certain  limitations  of  the 
horizontal  method,  owing  to  tlie  high 
proportion  the  extraneous  light  A\ould 
bear  to  that  due  to  the  sources  tliem- 
selves.  He,  however,  had  not  found 
it  dif'licult,  in  taking  can(lle-]>()Aver 
measurements,  to  narroAV  th(>  held  of 
vicAv  to  avoid  errors  due  to  haze  ;    but 


atmospheric  conditions  Avere  very  im- 
portant, and  he  noted  that  a  clause  on 
that  point  had  been  inserted  in  the  pro- 
posed specification.  The  Author  also 
admitted  that  difficulties  occurred  Avhere 
the  angle  of  incidence  of  the  ray  on  the 
test-plate  Avas  large,  and  pointed  out 
that  the  specification  permitted  the 
test-surface  to  be  set  normal  to  the  ray 
of  each  lamp  separately,  and  the  result 
converted  to  the  horizontal  basis  by 
adding  the  horizontal  components  of 
each  of  the  lamps  illuminating  that 
point.  Seldom  less  than  tliree  lamps 
would  have  to  be  dealt  with  in  deter- 
mining a  horizontal  minimum  value, 
and  this,  together  Avith  the  necessary 
perambulation  to  find  the  minimum, 
would  make  the  Avork  of  manipulation 
and  calculation  \"ery  considerable  in- 
deed. Mr.  Clark's  experience  had  led 
him  to  belie\'e  that  the  conA^ersion  of 
normal  illumination  to  the  horizontal 
component  by  calculation  Avas  not 
always  reliable.  A  comparison  of  cal- 
culated and  measured  horizontal  values 
would  sometimes  disclose  discrepancies. 
Mr.  Harrison  had  mentioned  that 
similar  differences  had  been  reported 
by  Prof.  Morris. 

Mr.  Clark  thought  Mr.  Trotter's 
strongest  argument  in  faA^our  of  hori- 
zontal minima  Avas  the  comparison  of 
these  minima  as  shoAvn  by  photo- 
meter, Avith  the  findings  of  the  Sur- 
veyor Members  in  their  report.  The 
agreement  alluded  to  in  the  paper 
could,  he  thought,  be  easily  over- 
rated, and  it  Avas  probable  that  other 
factors  than  tlie  horizontal  niinimum 
illumination  influenced  their  judgment. 
For  instance,  anything  from  'Oil  to 
"025  foot-candles  inclusivch''  Avere 
grouped  into  Class  ''  B,"  Avhereas  "027 
to  034  foot-candles  Avere  grouped  into 
Class  "  C."  The  agreement  Avas  cer- 
tainly interesting,  but  there  Avas  suffi- 
cient latitude  to  cause  one  to  think  there 
must  liaA^e  been  other  factors,  such  as 
diffusion,  glare,  &c.  They  must  not 
forget,  too,  that  tlie  Sui'veyor  Mem]>ers' 
judgment  Avas  probably  influenced  by 
the  illumination  of  the  surface  of  the 
street,  and  also  the  vertical  surfaces, 
Avails,  &c.  The  Author  Avas,  no  iloubt, 
aAvare  of  the  inlhuMuc  of  the  vertical 
surfaces — in  fact,  he  had  mentioned  in 
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his  paper  that :  "  It  was  true  that  a  street 
with  hgbt  coloured  houses  seemed  to 
be  better  hghted  than  when  the  build- 
ings Avere  dingy." 

That  brought  them  to  the  question 
of  the  height  of  the  test-surface.  As 
that  bore  an  important  relation  to  the 
height  of  the  lamp,  it  did  not  appear 
to  be  sufficient  to  say  that  the  standard 
height  above  the  ground  should  be  a 
metre.  It  would  seem  only  fau'  that 
a  special  height  for  the  test-surface 
should  be  stipulated  for  each  height  of 
lamp.  It  was  true  that  this  would 
complicate  matters,  but  that  was  just 
the  difficulty  he  foimd  A\'ith  the  hori- 
zontal method  ;  unless  the  conditions 
Ave  re  made  flexible,  equal  justice  Avould 
not  be  done  to  the  various  ty])es  of 
installation,  and  unless  equal  justice 
Avas  done  , there  Avas  a  risk  of  penalizing 
unduly  Avhat  might  be  a  A'ery  good 
sj'stem  of  lighting,  as,  for  instance,  Ioav- 
candle-poAver  units  on  short  f)osts. 
One  of  the  terms  that  had  come  into 
A'ery  common  use  in  general  illuminat- 
ing engineering  Avork  Avas  '"  the  Avork- 
ing  surface."  They  had  heard  a  good 
deal  of  that.  It  Avas  a  verj^  useful 
term,  and  one  that  could,  as  a  rule,  be 
construed  under  the  A^arious  conditions. 
One  smii^l}'  ascertained  the  kind  of 
Avork  going  on,  and  asked  the  question, 
'■  L^pon  Avhat  surface  Avas  the  Avork 
done  i  "  The  question  Avas  asked  Avhen 
exploring  the  illumination  of  libraries, 
schools,  Avorkshops,  offices,  &c.  If  the 
same  question  Avas  applied  to  street 
lighting,  Avhere  did  it  lead  ?  He  (Mr. 
Clark)  could  not  see  that  it  pointed  to 
the  horizontal  surface,  such,  for  in- 
stance, as  Avould  be  represented  by  the 
croAvn  of  a  pedestrian's  silk  hat.  If 
one  held  a  letter  or  a  ncAvspaper  in  a 
reading  position,  it  Avas  ahnost  certain 
to  be  vertical  or  normal.  A  2:)erson 
Avalking  along  a  street  represented  a 
peripatetic  A'ertical  plane. 

It  therefore  seemed  to  him  that 
eA'aluation  of  street  illumination  by 
direct-raA'  methods  at  some  specffied 
angle  Avas  to  be  preferred  to  horizontal 
minima  for  the  folIoAving  reasons  : — 
L  Greater  accuracy. 
2.  Equal    justice    to    all    systems, 

and  therefore  not  penalizing  undul}' 

any  particular  system. 


3.  Expeditiousness. 

4.  More  precise  definition  of  terms. 

5.  It  could  be  apphed  to  all  sys- 
tems of  lighting,  and  therefore  made 
uniform,  no  alternative  methods  being 
necessary. 

In  criticizing  the  horizontal  method, 
Mr.  Clark  said  he  hoped  he  had  not 
under-rated  its  value.  He  thought  it 
Avas  extremel}^  useful  in  setting  out  an 
installation.  Contour  horizontal  illu- 
mination curves  should  alA\aA's  be  taken 
into  account  in  aiTanging  the  spacing 
of  lamps,  but  in  defining  the  terms  of 
the  contract  such  curA^es  should,  he 
thought,  be  subordinated  to  the  more 
precise  method  of  normal  illumination 
measurement.  He  had  ahvays  felt 
that  the  question  of  diffusion,  apart 
from  illumination,  had  an  important 
bearing  ujDon  popular  ideas  of  street 
lighting,  and  Avas  one  that  might  be 
considered  Avith  adA^antage.  It  Avas 
probably  a  difficult  question,  but  it 
occurred  to  him  a  day  or  so  ago  that  a 
measurement  of  sha-doAv  density  would 
throAv  some  hght  on  the  matter.  He 
had  therefore  had  a  simple  piece  of 
apparatus  made  up,  consisting  of  a 
square  Avooden  box  open  at  each  end, 
the  box  being  3|  in.  square  and  about 
12  in.  long,  liaA^ing  at  the  end  a  fixed 
translucent  piece  of  paper.  Inside  the 
box  Avas  a  moA^able  perforated  screen, 
carried  on  a  spindle  Avhich  passed  along 
to  the  end  of  the  box,  and  so  A'aried  the 
distance  betA\een  the  fixed  screen  and 
the  moA^able  screen.  The  perforated 
screen  Avas  formed  of  a  piece  of  fine 
gauze.  The  image  of  the  gauze  Avas 
throAA'n  on  the  fixed  translucent  screen, 
and  by  moA'ing  the  perforated  screen 
and  increasing  the  distance  from  the 
fixed  screen,  the  shadoAv  ultimately 
disajipeared  ;  and  he  thouglit  the 
A^ariation  in  distance  might  in  a  Avay  be 
a  measure  of  the  diffusion— that  Avas  to 
say,  the  smaller  the  distance  necessary 
to  cause  the  shadoAV  to  disappear,  the 
gi'eater  A\'ould  be  the  diffusion. 

In  conclusion,  Mr.  Clark  said  that, 
as  a  student  of  illuminating  engmeer- 
ing,  he  Avould  like  to  express  his  in- 
debtedness to  ]\Ir.  Trotter,  for,  like 
many  other  students  of  the  science,  he 
had  often  found  it  beneficial  to  listen 
to  Mr.  Trotter's  remarks  and  to  read 
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his  papers  from  time  to  time,  and  he 
had  come  to  look  upon  Mr.  Trotter  as 
one  of  the  leaders  in  that  branch  of  work. 
Replying  to  a  question  of  Mr.  Haydn 
T.  Harrison,  Mr.  Clark  added  that  the 
curves  he  had  shown  referred  to  liori- 
zontal  measurements — in  one  case  de- 
rived from  two  lamps,  and  in  the  other 
three  lamps. 

Mr.  Franklin  Thorp  thought  the 
Society  was  going  to  do  very  excellent 
work  for  the  general  public  in  calling 
attention  to  the  really  imjDortant  points 
in  correct  illumination.  But  gas  engi- 
neers felt  that  the  horizontal  illumina- 
tion was  not  the  best  test,  and  they  felt 
very  strongly  that  the  dkect  ray  method 
was  the  one  which  they  ought  to  use. 

He  hoped  the  Committee  would 
also  take  into  consideration  tlie  ques- 
tion of  quality  of  light.  It  was  inter- 
esting to  note  the  difference  in  the 
spectrum  in  the  light  between  an  arc 
liglit  on  one  side  of  a  road  and  the 
incandescent  gas  or  incandescent  elec- 
tric light  on  the  other,  and  if  it  were 
possible  to  include  some  arrangement 
whereby  the  character  of  light  could 
be  specified  he  thought  every  one 
would  be  particularly  pleased. 

In  connexion  with  the  measurement 
of  candle-power  of  a  lamp  itself,  it 
was  difficult  to  take  that  as  a  real  test, 
because  the  distribution  curve  came 
so  much  into  play.  That  was  a  point 
to  which  the  Society  had  already 
called  attention.  Even  if  one  took 
the  mean  hemispherical  candle-power 
and  plotted  a  curve  it  came  to  be  a  diffi- 
cult matter  to  get  a  true  arrangement 
when  the  mantle  or  lamp  varied  from 
the  recognized  standard.  In  Mr.  Harri- 
son's table  at  the  end  of  the  paper  it 
was  stated  that  at  70  ft.  distance  apart 
for  the  lamps  and  at  10  ft.  in  heiglit 
it  required  33  c.-p.  to  give  tlie  desired 
minimum  illumination,  whereas  tlie 
same  candle-power,  or  rather  a  less 
candle-power — 326 — ^would  give  the 
same  illumination  at  36  ft.  high,  100  ft. 
apart,  which  in  the  case  of  ordinary 
things  was  absurd.  He  did  not  mean 
to  say  the  figures  were  -SArong,  but  he 
thought  it  proved  that  there  Mas  some- 
thing wrong  •with  the  horizontal  illu- 
mination test.     If  one  took  the  direct 


ray  test,  M'hich  would  be  the  light  one 
would  get  upon  anj^  object,  they  would 
find  it  would  be  about  7  to  1,  instead 
of  being  equal.  Again,  in  taking  the 
direct  ray  method,  it  did  not  matter 
Avhether  the  photometer  was  on  the 
ground  or  a  metre  high,  or  at  any  other 
height,  but  it  made  all  the  difference 
in  the  world,  as  Mr.  Harrison  had 
pointed  out,  if  one  took  the  horizontal 
test,  as  at  a  metre  height  the  low  light 
is  so  much  penalized  ;  in  fact,  in  the 
case  mentioned,  with  lamps  100  ft. 
apart,  and  10  ft.  high,  one  got  lamps 
requiring  95  c.-p.,  whereas  at  14  ft. 
high  it  was  62  c.-p.,  so  tliat  there  was 
a  difference  between  the  95  c.-p.  and 
62  c.-p.,  Avhether  they  had  it  on  the 
floor  or  at  3  ft.  above  the  ground. 
He  thought  this  was  very  important. 

Mr.  K.  Edgcumbe  said  that  as 
regarded  the  minimum  horizontal  illu- 
mination question,  he  was  a  "  whole- 
hogger,"  and  he  had  been  confirmed  in 
that  opinion  by  reading  Mr.  Trotter's 
most  able  exposition.  He  thought  no- 
body, after  reading  the  paper,  could 
possibly  have  any  other  idea  but  that 
the  horizontal  illumination  was  the 
correct  criterion,  though,  as  there  still 
seemed  to  be  a  few  ''  wobblers,"  he 
would  like  to  draw  their  attention  to 
the  figure  which  had  aheady  been 
referred  to  on  p.  250,  namely,  Fig.  3. 
He  thought  it  should  be  headed 
'  Minimum  Illumination,'  instead  of 
'  Illumination.'*  That  figure  seemed 
to  answer  all  the  objections  that  had 
been  raised  to  the  horizontal  illu- 
mination basis. 

First  of  all  they  Mere  told  that,  al- 
though it  might  be  a  very  convenient 
way  of  measuring  the  illumination  of  a 
street,  it  was  only  a  physical  measure- 
ment, and  did  not  take  into  account 
the  phy.siological  question.  In  fact, 
one  of  the  previous  speakers  raised  this 
very  objection.  He  said  he  thought 
that  the  borough  surveyors  who  had 
classified  the  streets  by  eye  Mere  not 
influenced  only  by  hoiizontal  illu- 
mination, but  that  they  must  of  neces- 
sity have  been  influenced  by  other 
things,  such  as  the  illumination  of  the 

*  This    alteration    has     been    made     in    the 
text.— Ed. 
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houses,  the  vertical  ilhimination,  &c. 
He  (Mr.  Edgciimbe)  quite  agreed  with 
this,  and  in  fact  thought  it  was  the 
wliole  point.  The  surveyors  Avho  classi- 
fied the  illuminations  were  all  men 
of  life-long  experience,  and  the  fact 
that  they  classified  the  streets  in 
precisely  the  order  of  the  minimum 
horizontal  illuminations  was  conclusive 
evidence  that  the  horizontal  illumina- 
tion test  did  actually  give  the  criterion 
that  w^as  wanted.  Mr.  Eclgcumbe 
thought,  further,  that  the  table  disposed 
of  the  question  of  the  supposed  diffi- 
culty of  measurement.  A  good  deal 
had  been  made  of  this.  Mr.  Trotter, 
however,  told  them  that  all  the  measure- 
ments Avere  made  without  any  diffi- 
culty, and  yet  they  ranged  from  about 
six-thousandths  of  a  foot-candle  up- 
W'ards. 

A  great  point  had  been  made  of  the 
simplification  which  would  be  intro- 
duced by  measuring  the  candle-power 
direct — and  he  felt  sure  that  a  good 
many  speakers  thought  that  the  speci- 
fication laid  down  that  the  minimum 
illumination  had  to  be  measured  direct 
— but  Mr.  Trotter  had  pointed  out  that 
this  was  not  so,  and  though  his  (Mr. 
Trotter)  own  personal  view  was  that 
he  preferred  to  measure  du'cctly,  the 
specification  did  not  lay  down  that  it 
was  to  be  measured  direct,  whether 
the  illumination  was  high  or  low.  Con- 
tinuing, Mr.  Edgcumbe  asked  what 
alternative  there  was  to  the  proposed 
specification.  The  other  suggestion  that 
had  been  made  during  the  evening,  and 
which  might  have  something  in  it,  was 
the  direct  ray  minimum .  At  present  the 
only  specification  which  had  been  widely 
used  was  what  was  called  the  "  West- 
minster "  specffication,  and  what  a 
complicated  thing  it  was.  They  had  to 
give  the  height  of  the  lamps,  the 
spacing,  the  angles  at  which  the  candle- 
poAver  was  to  be  measured,  and  then 
had  to  guard  themselves  against  all 
sorts  of  freaks  by  saying  that  the  re- 
flectors must  not  be  curved,  and  so  forth. 
All  that  was  very  complicated,  and  Avas 
entirely  obviated  if  the  horizontal 
illumination  was  adopted  as  the  cri- 
terion. 

Mr.    John   Daech   considered   that 


Mr.  Trotter  had  given  them  a  most 
valuable  commentary  upon  the  pro- 
posed Standard  Clauses  for  a  Street 
Lighting  Specification,  and  had  handled 
the  details  in  his  Avell-knoAvn  fair  and 
unbiassed  manner,  particularly  so  in 
dealing  Avith  the  question  of  illumina- 
tion versus  lamp  poAv^er  as  a  basis  of 
measurement.  He  had  rightly  shown 
that  the  public  wanted  illumination, 
and  not  lamps,  for  light  Avas  the  com- 
modity for  Avhich  the  public  paid — 
lamps  were  but  the  means  to  that  end. 
Illumination  was  a  blessing — clamps 
were  a  nuisance.  The  Street  Lighting 
Committee  Avere,  therefore,  to  be  con- 
gratulated on  adopting  illumination  as 
a  basis  of  measurement. 

But  Mr.  Trotter  had  wisely  separated 
the  loAA^est  class  of  street  fighting  and 
that  of  country  roads  from  the  rest, 
and  showed  most  clearly  that  in  that 
class  it  Avas  necessary  to  fall  back  upon 
the  old  system  of  reckoning  by  the 
candle-power  of  lamps.  Why  1  be- 
cause there  was  so  little  street  illu- 
mination in  it  that  the  lamps  could 
only  serve  as  beacons.  In  other  words, 
it  Avas  someAvhat  ludicrous  to  call  it 
street  lighting  at  all.  It  might  be 
argued  that  such  ''  lighting  "  was  better 
than  nothing,  and  that,  at  least,  one 
had  the  beacon  for  what  it  might  be 
Avorth.  He  supposed,  howe\"er,  that 
most  of  them  knew  that  one  could  not 
have  a  beacon  before  the  eyes  without 
diminishing  its  lighting  value,  without 
blackening  the  gloom,  and  making  it 
more  difficult  to  see. 

They  had  done  well  to  have  secured 
a  basis  of  illumination  for  street  light- 
ing— it  Avas  a  big  step  in  the  right 
direction.  NcA^ertheless,  they  had  not 
gone  far  enough,  for  ilhimination  Avas 
but  a  means  to  an  end,  and  that  end  Avas 
the  eye,  the  act  of  perception.  A  cat 
could  see  clearly  in  Avhat,  to  most  of 
them,  Avould  be  darkness ;  but  no 
amount  of  illumination  A\^ould  serA^e  a 
blind  man,  by  Avhich  remark  he  meant 
to  point  out  that  they  Avere  not  at  all 
concerned  Avith  the  amount  of  light 
that  Avas  around  and  external  to  them, 
but  only  Avith  that  Avhich  succeeded 
in  entering  the  eye ;  and  he  said 
emphatically  that  no  system  of  street 
lighting  was  Avorth  having  that  did  not 
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provide  for  visual  and  physiological 
efficienc}^ 

It  was  a  matter,  therefore,  for  sur- 
prise that,  after  all  that  had  been  said 
and  written  on  the  personal  factor  and 
its  related  question  of  glare,  it  had  had 
no  consideration  in  the  proposed 
Standard  Clauses,  nor  in  Mr.  Trotter's 
paper.  They  had  a  splendid  oppor- 
tunity of  indicating  to  the  public  what 
modem  science  and  advancement  had 
done  for  them,  and  yet  they  were  still 
to  be  subject  to  the  principles  of  illu- 
mination tliat  Avere  fashionable  in  the 
Middle  Ages — the  old  lantern  and  the 
bare  light  stuck  on  a  post.  Indeed, 
their  mediaeval  ancestors  had  a  much 
better  sense  of  proportion,  for  it  was 
quite  right  and  necessary  that  the 
feeble  and  harmless  candle  and  oil 
lamp  should  be  exposed,  for  "  a 
candle  was  not  brought  to  be  put 
under  a  bushel  "  ;  but  now  they  had 
committed  the  absurdity  of  engrafting 
a  cruel  modem  high-power  lamp  on  to 
an  antiquated  system  of  illumination  for 
which  it  was  entirely  unsuitable.  Could 
anjiihing  be  more  crude  and  illogical  1 
Surely  the  object  of  lighting  was  the 
safety,  convenience,  and  comfort  of 
the  public  ;  something  that  would 
enable  the  people  to  see  ;  but  the 
actual  effect  of  the  present  practice, 
and  from  which  the  new  rules  indicated 
no  relief,  Avas  so  to  affect  tlie  eyesight 
that  the  actual  illumination  was  appar- 
ently, and  therefore  practically,  reduced 
from  one-lialf  to  one-tenth  of  its 
photometric  value. 

It  was  only  at  their  last  meeting  that 
he  pointed  out  to  several  Members 
how  the  very  dark  red  wall  of  their 
meeting-room,  when  behind  a  powerful 
lamp,  was  made  five  or  six  times 
brighter — indeed,  became  a  brilliant 
red  by  the  simple  expedient  of  screening 
the  light  from  the  eye.  A  medical 
friend  of  his  went  to  him  a  few  daj^s 
since,  and  explained  that  he  had  two 
powerful  head-lamps  on  his  motor-car, 
and  was  able  to  see  a  long  waj^  in  the 
dark,  but  that  as  soon  as  a  modem 
street  lamp  came  into  view  he  could 
see  nothing,  and  might  as  well  have  no 
lights  for  all  the  use  they  were  to  him, 
and  he  was  often  afraid  of  running  into 
somethmg.     Mi-.   Darch  said  that  Mr. 


Trotter  and  he  were  discussing  that 
very  problem  a  short  time  ago,  walking 
along  Victoria  Street,  Avhich  professes 
to  be  well  lit,  and  so  it  was  as  far  as 
expenditure  was  concerned  ;  but  the 
glare  of  the  lamps  Mas  such  that  they 
nearly  fell  over  a  heap  of  coals  lying 
across  the  footway.     (Laughter.) 

He  was  prepared  to  admit  that 
there  was  nothing  in  the  proposed 
Standard  Clauses  to  prevent  the  adop- 
tion of  some  scheme  or  prmciple 
designed  to  avoid  the  difficulties  to 
which  he  had  referred  ;  but  the  serious 
thing  about  it  was  that  the  public  and 
the  contractor  would  take  this  as  the 
last  word  in  street  lighting,  and  would 
naturally  assume  that  every  feature 
of  the  case  had  been  considered,  nor 
would  the  public  be  aware  that  they 
had  been  paying,  and  were  still  likely 
to  pay,  for  illumination  that  they 
could  not  see.  He  therefore  repeated, 
what  he  had  aheady  proposed,  that 
Clause  3,  ^hich  defined  the  minimum 
illumination  for  various  classes  of 
streets,  should  have  an  addendum  to 
the  effect  that,  where  the  lamps  were 
properly  screened,  the  photometrically 
ascertained  illumination  to  be  provided 
may  be  33  per  cent  less.  This  would 
mean  33  per  cent  saving  in  running 
and  much  better  lighting.  Altliough 
he  had  modestly  suggested  but  33  per 
cent,  he  had  no  hesitation  in  saying 
that  the  advantage  would  be  six  times 
that,  and  that  a  shielded  light  of 
00  c.-p.  would  enable  one  to  see  better 
than  with  a  200  c.-p.  exposed  light. 
That  might  seem  an  extravagant  state- 
ment, but  was  it  not  a  fact  that  it  was 
easier  to  see  and  safer  to  travel  Mhen 
there  was  neither  street  nor  shop  lighting 
on  a  light  night  of  (say,  l-500th  ])art 
of  a  foot-candle)  than  A\ith  the  daz/ling 
brilliance  of  a  Piccadilly  Circus  >.  In 
the  Standard  Clauses  1-lOOtli  of  a  foot- 
candle  was  given  as  the  loAvest  illu- 
mination desirable.  That,  no  doubt, 
was  tlie  result  of  very  careful  oV)serva- 
tion.  But  did  they  not  know  that 
what  was  called  a  moonlight  night, 
M'hen  one  could  see  one  another's  faces 
perfectly,  Mas  only  about  1-lOOth  of  a 
foot-candle  ?  Why,  then,  was  it  that 
the  one  was  pleasing  and  everytliing  so 
clearlv   seen,    when    the    otlier,    at    the 
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same  illumination,  was  a  troublesome 
gloom  ?  The  answer  was  Glare  and 
the  presence  of  exposed  lights  which 
closed  the  pupil  of  the  eye  and  paralyzed 
perception. 

Mr.  Darch  said  that  Mr.  Harrison 
referred  to  the  objection  taken  by 
motorists  to  the  blinding  effect  of 
street  lamps,  and  had  stated  that  if 
a  number  of  smaller  lights  were  put 
in  a  long  line  they  would  cause  no 
trouble  to  a  person  driving  a  motor- 
car. In  his  (Mr.  Darch 's)  opinion  there 
would  be  just  the  same  trouble  (perhaps 
not  quite  so  bad  as  a  single  dazzling 
light,  but  it  would  be  the  same  thing) — 
bright  lights,  dominating  the  vision, 
would  close  the  pupil  of  the  eye. 

Continuing,  Mr.  Darch  said  it  would 
be  beyond  the  scope  of  his  present 
remarks  to  enter  into  the  practical 
details  of  arranging  and  screening  the 
lights  ;  suffice  it  to  say  that  it  was  all 
simple  and  inexpensive,  and  where 
tried  had  had  the  happiest  results.  It 
was  not  the  nearer  so  much  as  the 
more  distant  lights  that  gave  trouble, 
and  prevented  tlie  nearer  objects  being 
seen,  and  that  fact  would  diminish 
the  difficulty  which  the  orthodox  street 
lighting  engineer  saw  in  any  system  of 
screening.  And,  be  it  remembered, 
that  distance  did  not  diminish  the 
brilliance  of  a  light. 

There  was  another  important  factor 
in  street  lighting  that  had  not  been 
touched  upon  either  by  the  Committee 
or  in  Mr.  Trotter's  paper,  viz.,  the 
effect  of  private  or  shop  lighting  on 
the  streets.  In  some  streets  the  public 
lamps  were,  to  use  a  colloquialism, 
"  nowhere."  They  were  but  useless 
and  ludicrous  little  glimmers — difficult 
to  discover  amidst  a  blaze  of  shop  and 
outside  lighting.  In  the  lists  and  tables 
of  street  illumination  given  by  Mr. 
Trotter  Cheapside  was  stated  to  have 
ten  times  the  illumination  of  Regent 
Street,  and  twenty  times  that  of  others 
of  their  principal  streets.  He  would 
like  to  know  whether  the  light  from 
private  sources  had  been  eliminated 
or  included  in  the  lists  given,  and  if 
included,  how  were  they  to  compare 
the  public  part  of  the  lighting  in  the 
various  streets.  There  were,  of  course, 
no  shops  in  Park  Lane  or  Ashley  Gar- 


dens, but  brilliantly  lighted  and  many- 
windowed  mansions  and  clubs  must 
have  some  effect. 

He    particularly  wanted  to  say  that 
as  long  as  shop-keepers  were  allowed 
to  obtrude  high-power  lamps,  so  long 
will    satisfactory     street    lighting    be 
impossible.     Street    lighting    was    in- 
separably   connected    with    shop-front 
lighting,    and    it    ought    to    be    made 
illegal  for  any  shop-keeper  to  expose 
a  visible  liglit  either  outside  his  shop  or 
in  his  shop  window.     (Laughter.)  They 
knew  very  well  that  the  City  of  London 
had  introduced  a  regulation  prohibiting 
high-power   lamps   outside    the   shops, 
unless  screened  in  the  direction  of  the 
road.     He  was  sure  we  should  come  to 
it  eventually,  although  it  might   seem 
absurd  to  practical  engineers.     Every 
one   was   prejudiced  in  regard  to   the 
things  he  was  brought  up  in,  and  he 
(Mr.  Darch)  Avas  certain  that  the  future 
would  be  the  shielded  light.     Going  a 
step  further,  he  thought  that  the  ulti- 
mate solution  of  perfect  street  lighting 
Mould  be  the  employment  of  diffused 
light    obtained    by    illuminating    the 
house  fronts.     Diffused  light  was  enor- 
mously more  useful  than  direct.  Things 
appeared  more  natural  and  real.  The 
present  system  of  patchy,  spotty  light- 
ing and  impenetrable  shadows  destroyed 
identity  and  caused  a  great  strain  on 
the  eyes. 

Dr.  L.  Bloch  (Berlin,  communicated). 
— There  are  several  comments  that  I 
would  like  to  make  on  the  proposed 
Specification  for  Street  Ligliting  con- 
tained in  Mr.  Trotter's  paper. 

I  consider  the  method  of  measuring 
illumination  in  a  horizontal  plane  one 
metre  above  the  ground  as  the  best 
and  most  practical  system,  which  has 
been  recommended  by  the  Verband 
Dcutsclier  Elektrotechniker  after  ex- 
haustive inquiries.  This  proposal  is 
particularly  welcome  because  it  shows 
the  beginning  of  international  agree- 
ment on  this  point.  Theoretically  it 
might  perhaps  be  still  more  correct  to 
measure  illumination  on  the  pavement 
itseK,  but  this  presents  considerable 
practical  difficulties.  As  a  matter  of 
fact  the  comparison  of  different  systems 
of  lighting  can  be  carried  out  in  a  safe 
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and  trustworthy  manner  at  a  height 
of  one  metre,  even  when  the  height  of 
suspension  of  tlie  lamps  compared 
differs  considerably.  Measurements  of 
illumination  on  vertical  surfaces  are 
desirable  as  supplementary  to  measure- 
ments of  horizontal  illumination,  but 
are  not  alone  satisfactory.  In  my 
opinion  a  correct  course  has  been 
followed  in  this  draft  specification  in 
avoiding  measurements  in  the  vertical 
plane. 

But  I  do  not  find  myself  in  complete 
agreement  with  Mr.  Trotter  and  "the 
Committee  on  the  question  of  minimum 
illumination.  To  my  mind  this  does 
not  conduce  to  the  most  correct  con- 
ception of  the  value  of  street  illumina- 
tion. Probably  only  about  20  per 
cent  of  illuminated  streets  will  be 
examined  on  the  basis  of  minimum  illu- 
mination ;  for  in  the  side  streets  the 
value  of  the  minimum  illumination  will 
be  so  low  that  its  exact  measurement 
with  the  customary  types  of  photo- 
meters presents  considerable  diffi- 
culties. This  involves  a  limitation  of 
the  proposed  specification  to  quite  a 
small  section  of  street  illumination. 
Moreover,  it  will  often  be  found,  even 
in  quite  strongly  lighted  streets,  that 
values  belo^\'  the  prescribed  minimum 
will  be  found,  because  of  the  shadows 
cast  by  trees.  One  could,  perhaps, 
prescribe  that  measurements  Mill  not 
be  taken  at  such  spots.  But  the  very 
fact  that  such  spots  occur  in  other\vise 
very  brightly  illuminated  streets,  and 
tluit  tliis  is  not  cxc(^ptional,  but  quite 
common  tlirougliout  the  summer,  shows 
that  the  ])rescription  of  a  certain 
minimum  illumination  alone  is  not 
sulllicicnt  to  ensun^  a  well-lighted  street. 

HMie  adoption  of  this  jHvscription 
of  minimum  ilhiiuination  would  also 
exert  a  marked  influence  on  tlie  arrange- 
ment of  a  street  lighting  installation, 
and  by  no  means  a  favourable  influence. 
It  Mould  encourage  the  already  pre- 
valent, but  injudicious  method  of 
placing  lamps  in  the  streets  as  liigh  as 
possible  ;  for  it  is  common  knowledge 
that  by  placing  the  lamps  high  one 
can  in  general  get  tlie  best  value 
of  the  mininuun  iUumination,  and  the 
uniformity  is  also  improved.  But  it 
is   possible  under  these  circumstances 


that  there  will  be  no  single  point  in 
the  street  where  the  iUumination  is 
strong  enough  to  read  with  ease. 

If  minimum  illumination  is  to  be 
the  sole  consideration,  electric  Hghting 
would  find  itself  in  a  particularly 
fcivourable  position.  By  usmg  1,000 
candle-power  arc  lamps  or  metal  fila- 
ment lamps  at  a  height  of  about  10 
metres  it  would  be  possible  to  obtain 
the  same  minimum  value  as  with  the 
same  number  of  3,000  candle-power 
high-pressure  gas  lamps  at  the  usual 
he'ight  of  5-5  J  metres  ;  this  appears 
very  clearly  from  the  investigations 
of  street  hghting  undertaken  and  pub- 
lished by  me."  Moreover,  if  metal 
filament  lamps  were  used  the  use  of  a 
reflector  would  appear  scarcely  neces- 
sary since  these  lamps  naturally  give 
out  most  light  in  a  horizontal  dh-ection, 
which  is  favourable  to  a  good  minimum. 
Yet,  as  a  matter  of  fact,  the  choice  of 
a  suitable  reflector  in  conjunction  with 
metal  filament  lamps  is  highly  iiecessary 
in  order  to  secure  good  street  illumina- 
tion. 

That  a  good  minimum  illumination 
is  not  alone  sufficient  can  also  be  seen 
from  the  most  recent  experiences  in 
very  uniformly  and  strongly  illuminated 
streets.  In  spite  of  the  particularly 
high  mininnim  illumination  these  streets 
give  the  impression  of  being  too  dark — 
an  im])ression  that  could  only  be  ex- 
plained by  the  fact  that  in  consequence 
of  the  higli  uniformity  attained,  the 
bright  spots  in  the  neighbourhood  of 
lamps  were  almost  entirely  missing. 
Electrical  engineers  certainly  could 
comply  readily  with  the  limitation  of 
mmimum  illumination.  But  it  is  pre- 
ferable to  find  a  method  mIucIi  could 
be  complied  with  eciually  well  by  all 
systems  of  illumination. 

To  my  mind  the  desired  method 
could  be  based  only  on  mean  hori- 
zontal illumination  ;  to  determine  mean 
illumination  is  certainly  somcAvhat 
tedious,  but  its  measurement  and  prc- 
determmation  is  still  not  so  very 
difficult ;  and  there  are  already  various 
accurate  and  api)roximatc  processes  to 
Ughten  the  labour.  Mean  liorizontal 
illumination  is  a  true  measure  of  the 
actual  illumination  distributed  in  the 
street.     It    applies    equally    well     to 


274 


THE   ILLUMINATING   ENGINEER. 


various  systems  of  ligliting  and  arrange- 
ments of  lamps,  such  as  we  actually 
find  in  the  streets  at  the  present  day. 
As  a  means  of  judging  the  uniformity 
of  illumination  in  the  street  it  should 
be  sufficient  to  determine  the  maximum 
and  minimum  illumination  or  to  specify 
the  ratio  between  these  two  quantities. 
The  recommendation  of  the  Verband 
Deutscher  Elektrotechniker,  based  on 
this  system,  have  already  been  in  opera- 
tion for  the  last  three  years,  and  have 
given  good  results. 

To  put  these  remarks  in  a  nutshell,  I 
strongly  advocate  that  the  main  hori- 
zontal illumination  and  not  the  mini- 
mum shcHild  be  specified  ;  or  at  least 
that,  in  addition  to  the  minimum 
value,  the  mean  and  maximum  hori- 
zontal illumination  should  also  be 
stated.  Only  on  this  basis  can  a  truly 
practical  and  useful  specification,  applic- 
able to  all  methods  of  illumination,  be 
prepared. 

Dr.  li.  J.  Terneden  (Amsterdam, 
coniynunicated) . — ^I  have  studied  Mr. 
Trotter's  paper  with  great  interest. 
The  subject  is  an  exceedingly  important 
one,  and  such  a  specification  seems  a 
very  good  thing  ;  here,  in  Holland, 
where  the  gas  and  electrical  supply  is 
almost  invariably  municipally  owned, 
specifications  for  street  lighting  are 
seldom  made. 

The  system  of  dividing  streets  into 
groups  might  well  be  extended  for 
higher  values,  each  addition  of  01  foot- 
candles  over  and  above  E  repre- 
senting another  class. 

In  stating  the  height  at  which 
measurements  are  to  be  made,  would  it 
not  be  well  to  use  the  exact  ecpiivalent 
of  1  metre,  as  done  h\  ]\Ir.  Wilson 
(namely,  3-28  ft.  [3  ft.  3^"  in.])  I 

As  regards  the  plane  in  which  mea- 
surements are  made,  I  think  it  is  hardly 
sufficient  to  measure  only  in  a  horizontal 
plane,  and  would  advocate  that  the  mini- 
mum in  a  vertical  plane  perpendicular 
to  the  direction  of  the  street  traffic 
should  also  be  determined. 

Prof.JH.  Strache  (Vienna,  com- 
municated). — The  specifioation  of  street 


lighting  is  a  subject  of  veij*  great 
interest  to  illuminating  engineers,  and 
it  \\ould  be  very  satisfactory  if  stan- 
dardization in  this  respect  could  be 
agreed  upon.  Specially  desirable  is 
the  consideration  of  illumination  in- 
stead of  the  nominal  candle-po\\er,  at 
present  almost  exclusively  used  in 
tliis  country.  It  is  hoped  that,  after 
methods  liave  become  standardized, 
they  will  rapidly  find  their  way  into 
practice. 

Polar  curves  of  light  distribution  are 
aLread}^  frequently  studied  in  judging 
the  performances  of  a  lamp  ;  but  still, 
as  a  rule,  not  in  the  very  case  where 
they  are  most  essential,  namely,  in 
street  lighting.  Not  only  illuminating 
engineers,  but  also  those  less  intimately 
connected  \vith  street  lighting,  should 
become  familiai  with  the  idea  that 
a  determination  of  horizontal  candle- 
power  alone  is  not    sufficient. 

As  regards  points  of  detail  in  the 
specification,  I  should  like  to  refer  to 
the  replies  of  a  Committee  of  the 
Verein  der  Gas  und  Wasserfach- 
manner,  in  Austria-Hungary,  to  the 
inquiries  circulated  by  TJie  Illumiyiating 
Engineer  in  1911,  with  which  I  am 
in  full  agreement.* 

Prof.  S.  A.  Rumi  (Genoa)  writes 
expressing  his  approval  of  Mr.  Trotter's 
suggestions.  He  adds  that  in  Italy 
illumination  contracts  usually  refer  to 
the  candle-power  of  the  lamps  rather 
than  the  illumination. 

]Mr.  H.  T.  Wilkinson  (Hairogat^, 
communicated). — I  regret  I  cannot  be 
present  at  My.  Trotter's  paper,  but 
enclose  a  few  figures  that  may  be  of 
interest.  At  Barrow-in-Furness,  in  one 
of  tlie  streets  80  ft.  wide,  the  minimum 
illumination  is  -03,  and  the  maximum 
•35  foot-candle,  giving  a  max./min.  of 
under  12.  In  this  case  there  are  two 
100-watt  lamps,  each  in  a  suspension 
fitting  hung  from  each  tramway  span, 
one  on  each  side  of  the  track,  each 
lamp  being  17  ft.  Gin.  from  the  ground, 
and  the  spans  are  approximately  40  yds. 
apart.  The  consumption  of  electricity 
is,  therefore,  88  kw.  per  mile. 

*  nhim.  Eng.,  Lond.,  vol.  iv.,  1911,  p.  505. 
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Dr.  L.  Bell  (Boston,  U.S.A.,  com- 
municated).— ^While  fully  realizing  that 
the  object  of  placing  lights  is,  broadly, 
to  secure  illumination,  I  must  confess 
myself  opposed  to  making  illumination 
the  fundamental  thing  on  Avhich  con- 
tracts are  to  be  based  and  payments  to 
be  aw^arded.  From  the  standpoint  of 
experience  here,  there  are  two  vital 
objections  against  illumination  as  the 
fundamental  factor  in  street-lighting 
contracts.  One  of  these  bears  upon 
both  the  contractor  and  the  public, 
the  other  upon  the  public  alone,  but 
in  a  manner  affecting  its  vital  interests. 
In  tlie  first  place,  if  illumination  is  to 
be  the  real  basis  of  a  contract,  penalties 
under  that  contract  must  depend  upon 
a  measured  deficit  in  illumination,  and 
practically  all  photometrists  in  this 
country  who  have  had  experience  with 
illumination  measurements  on  the  street 
recognize  that  the  degree  of  obtainable 
precision  is  not  sufficient  to  justify 
making  them  the  basis  of  large  mone- 
tary settlements.  In  a  street-lighting 
contract  involving  £50,000  or  £100,000 
per  year  a  difference  of  2  or  3  or  5  per 
cent  in  the  measured  illumination  is 
a  very  serious  matter,  and  dependence 
upon  measurements  which  are  known 
to  vary  within  at  least  this  range 
v/ould  simply  lead  to  exasperating 
litigation.  I  have  made  a  very  large 
number  of  measurements  on  the  street, 
first  and  last,  in  a  considerable  variety 
of  instances,  and  know  from  personal 
experience  the  magnitude  of  the  diffi- 
culty here  referred  to,  and  t)ie  utter 
hopelessness  of  getting  an  amicable 
agr(>ement  between  the  municipality 
and  the  contractor  on  any  such  un- 
certain basis.  There  is  no  objection, 
if  anybody  fancies  tiie  idea,  to  putting 
in  a  minimum  illumination  clause, 
provided  nothing  of  an^^  importance 
is  made;  to  liinge  upon  it,  in  ^v  hich  case 
it  might  as  well  be  forgotten.  Second, 
the  inevitable  effect  of  a  minimum 
illumination,  which  t\w  contractor  may 
furnish  substantially  according  to  his 
own  plans,  Avill  be  found  to  be  the 
smallest  total  liglit  flux  which  can  be 
made  to  serve.  A  call  for  minimum 
illuininaticm  is  practically  a  call  for 
small  gas  or  electric  incandescents 
glinnuering  along  the  street  at  intervals 


as  infrequent  as  can  meet  the  specifica- 
tion for  illumination  midway  between 
them.  These  are  not  matters  of  theory, 
but  conditions  A\hich  will  inevitably 
confront  the  municipality  in  under- 
taking its  street  lighting.  It  is  my 
judgment,  therefore,  that  an  illumina- 
tion specification  can  only  prove  useful 
when  it  has  very  little  to  do  with  the 
real  considerations  of  the  contract.  I 
have  always  looked  upon  a  contract 
for  street  lighting  as  essentially  a 
contract  for  service,  under  specified 
conditions,  with  certain  specified  illu- 
minants,  of  which  the  performance 
can  be  both  definitely  ascertained  in 
the  laboratory  and  easily  checked  on 
the  street.  It  is  the  task  of  the  engi- 
neer having  the  work  in  charge  for 
the  municipality  to  see  what  luminous 
sources  and  what  arrangement  of  them 
will  give  him  the  illumination  required 
in  streets  of  various  classes,  and  then 
to  insist  on  the  use  of  these  illummants 
under  certain  standard  conditions  \^  hich 
can  be  maintained. 

I  think  it  Avise  to  specify  tlie  kind 
of  lamp,  its  standard  conditions  of 
operation  (which  shall  not  be  departed 
from  by  more  than  a  fixed  limit),  the 
time  of  lighting  and  extinguishment, 
and,  if  necessary,  the  character  of  the 
electrodes.  In  the  case  of  one  city 
to  which  I  A\as  adviser  a  few  years  ago, 
standard  electrodes — of  A\'hich  tlie  per- 
formance Avas  ascertained  in  the  labora- 
tory— were  laid  aside,  and  electrodes 
for  future  use  Avere  required  to  be 
sampled  and  tested  against  these  before 
acceptance.  The  result  has  been  that 
the  arcs,  as  worked  in  that  particular 
city,  haA^e  been  held  up  to  a  candle- 
poAver  more  tluin  25  per  cent  in  excess 
of  that  obtained  Avith  so-called  stand- 
ard electrodes  of  later  manufacture 
specialized  for  life  rather  than 
light. 

As  regards  the  much-mooted  question 
of  Avhether  ilhimination,  Avhen  measured, 
should  be  measured  on  a  liori/.ontal 
plane  or  one  approximating  the  vertical. 
I  am  inclined  to  favour  the  latter 
requirement,  on  the  ground  tliat  about 
the  last  thing  for  which  strc(>t  illumina- 
tion is  used  is  the  recognition  of  flat 
details  on  a  horizontal  surface.     For 
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most  purposes  one  has  to  depend  on 
the  illumination  received  from  the 
lamps  on  one  side  only  of  the  object 
under  view,  and  m  a  direction  some- 
Avhere  nearly  normal  to  the  rays. 

These  comments  are,  of'  course, 
simply  the  result  of  experience  in 
Morking  under  American  conditions, 
and  my  Britisli  confreres  may  obviouslv 
find  some  of  tliem  less  applicable  tro 
their  own  situation  than  I  have  found 
them  on  this  side  of  the  A\ater. 

I  think  that  the  suggestions  for  the 
draft  of  a  standard  contract  are  suffi- 
cient to  secure  good  results,  but  I 
believe  they  would  be  much  more 
easily  carried  out  if  more  stress  were 
laid  upon  the  candle-power  at  a  fixed 
angle  from  the  lightmg  units  to  be 
furnished,  when  burned  under  easily 
defined  standard  conditions  of  opera- 
tion. 

Mr.  L.  B.  Makks  (New  York,  com- 
municated).— I  have  given  the  paper 
only  casual  study,  and  shall  not 
attempt  at  this  time  to  discuss  several 
mooted  points  which  are  raised  therein. 

The  paper  shows  a  great  amount  of 
work  on  the  part  of  the  various  C^om- 
mittees  who  had  to  do  with  the  subject, 
and  lays  before  us  in  conci'ete  form  a 
number  of  suggestions  that  may  lead 
to  a  closer  agreement  as  to  the  standard 
clauses  for  inclusion  in  a  specification 
of  street  lighting. 

In  vicM'  of  the  broad  scope  of  the 
general  subject  of  illumination,  we 
can  hardly  expect  uniformity  of  opinion 
on  the  main  points,  to  say  nothing  of 
the  details  of  a  specification  of  tliis 
character.  Even  in  specifications  for 
electrical  work,  v.hicli  have  been  more 
or  less  standardized  for  many  years 
past,  the  so-called  standard  clauses  of 
the  specifications  are  sometimes  of 
secondary  importance,  the  real  meat 
of  the  specifications  being  in  those 
sections  Avhich  are  specially  prepared 
to  meet  specific  conditions.  In  the 
matter  of  illumination  the  more  or 
less  rapid  changes  in  the  art  make  it 
comparatively  difficult  to  bring  about 
.standardization. 

Any  attempt  to  arrive  at  a  i)roper 
basis  for  illumination  siJecifications, 
whether  for  street  lighting  or  for  interior 


lighting,  should  be  welcomed  and  en- 
couraged, especially  if  care  be  taken  to 
preserv^e  the  proper  sense  of  perspective 
in  the  formulation  of  the  specifications. 
In  considering  specifications  for  street 
lighting  the  intrinsic  brightness  of  the 
lamp  may  be  an  important  and  even  a 
vital  question.     In  the   present  paper 
reference  is  made  on  p.  242  to  a  prelimi- 
nary  memorandum    prepared   by   Mr. 
Frank  Bailey,  describing  the  ordinary 
rule     of    thumb    practice     for    street 
lighting,     callmg    attention    to     "  the 
advantage  of  specif3dng  that  which  has 
really  to  be  paid  for,  namely,  the  actual 
light  given  where  it  is  required,  or,  in 
other   words,    illumination."     I   would 
go  one  step  further,  and  state,  perhaps, 
the  hygienic  or  the  proper  illumination. 
This  brings  a  physiological  factor  into 
the  case.     If  tlie  illumination  does  not 
enable  us  to  see  things  well,  then,  irre- 
spective of  whether  or  not  the  specifica- 
tion is  met  as  to  intensity  of  illumina- 
tion, Ave  are  really  not  getting  what 
Ave    paid   for.     In    other   Avords,    in   a 
practical  specification  for  lighting  one 
cannot  divorce  the  ''  actual  light  given 
Avhere  it  is  required,"  or  the  "  illumina- 
tion," from  the  lighting  source.     Cause 
and  effect  must  be  considered  jointly. 
On  p.  243  of  the  paper  the  statement 
is    made    that    "  the    lamps    must,    of 
course,   be  so  arranged  that  they  are 
free  from  glare."     Therein  lies  the  rub. 
.4  lamp  might  conform  to  the  require- 
ments of  all  the  clauses  in  the  proposed 
specification,   and  in  competition  out- 
distance all  competitors  by  furnishing 
the    highest    mininmm    ilhimination  ; 
Avhereas,    if    judged    from    the    broad 
standpoint  of  good  lighting,  this  A'^er} 
lamp  might  be  rejected  as  the  poorest 
of  the  group  tested,  because  its  intrinsic 
brightness  is  so  great  at  certain  angles 
as  to  interfere  Avith  good  vision  on  the 
street.     Yet  the  specifications  say  no- 
thing about  intrinsic  brightness,  which, 
while  sometimes  of  secondary  import- 
ance, depending  upon  the  height  of  the 
lamp,    total    flux    of    light,    &c.,    may 
nevertheless  be,  and  often  is,  a  matter 
of  prime  and  determining  importance. 
In  a  recent  preliminary  test  of  street 
lighting  in  the  city  of  Xcav  York,  half 
of    the    street   Avas    lighted   by   lamps 
equipped  with  diffusing  globes,  and  the 
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other  half  by  lamps  equipped  with  clear 
globes.  Though  the  minimum  illu- 
mination on  that  section  of  the  street 
having  lamps  equipped  with  clear 
globes"  was  much  greater  than  that  on 
the  other  half  of  the  street,  tlie  deci- 
sion Avas  unanimously  in  favour  of  the 
lamps  equipped  with  diffusing  globes, 
because  of  the  comparatively  low  in- 
trinsic brightness  of  the  latter  and 
consequent  freedom  from  glare. 

Dr.  C.  H.  Sharp  (New  York,  U.S.A., 
communicated). —Mv.  Trotter's  argu- 
ment that  the  illumination  furnished, 
rather  than  the  candle-power  of  the 
lamps,  determines  the  quahty  of  street 
lighting  is  aj^parently  incontrovertible. 
Whether  the  illumination,  rather  than 
the  type  and  candle-power  of  lamps, 
should  appear  in  a  street  specification 
is  evidently  something  where  differences 
of  opinion  may  occur.  These  differ- 
ences may  depend  somewhat  upon  the 
conception  wliich  tlie  lighting  company 
has  of  the  character  of  the  service 
which  it  is  rendering — that  is,  Avhether 
it  is  furnishing  an  illuminant  or  furnish- 
ing illumination.  The  thing  which  tlie 
public  is  interested  in  is  the  illumina- 
tion, but  a  very  good  street-lighting 
specification  can  undoubtedly  be  draA\n 
on  tlie  basis  of  the  illuminant.  This 
shifts  the  responsibility  for  illumina- 
tion results  from  the  lighting  con- 
tractor to  the  city  engineer.  Accept- 
ing the  illumination  as  the  basis  for 
lighting  contracts,  it  remains  to  con- 
sider the  specification  of  minimum  illu- 
mination as  proposed  by  tlic  ( "om- 
mittce. 

Where  tlie  street  is  to  be  everywhere- 
brightly  illumhuitcd  the  specification  of 
adecjuate  minimum  illumination  shoiild 
be  sufHcient  to  ensure  good  illumina- 
tion, although  it  may  not  lead  to 
correct  results  in  comparing  different 
systems. 

Where,  how  ever,  illuminants  are  spar- 
ingly used,  as  is  the  case  in  the  great 
n;aj(n"ity  of  streets,  tlie  specification  of 
the  minimum  illumination,  or  especially 
of  the  candle-power  at  l<)  (legs.  beloAv 
the  horizontal,  furnishes  no  suflicient 
criterion  for  the  (juality  of  the  illumina- 
tion. The  brightness  of  the  street 
surface    depends,   other    things    being 


equal,  on  the  amount  of  luminous  flux 
deUvered  to  tliat  surface.  If  a  suffi- 
cient flux  is  delivered,  and  this  flux  is 
properly  distrilnited,  the  requirements 
are  reasonably  well  met.  The  flux 
delivered  is  rneasured  by  the  average 
illummation  over  the  area  ;  the  proper 
distribution  may  be  fairly  well  insured 
b\-  specifying  the  minimum  illumina- 
tion. With  relatively  dim  lightmg  it 
is  important  to  have  some  fairly  V>right 
areas,  as  Millar  h.as  pointed  out,  and 
it  may  be  desirable  to  obtaui  such 
brightness  even  at  the  expense  of  the 
muiimum  illuminaticm.  A  street  having 
a  uniform  illumination  of  001  foot- 
candle  would  be  a  very  dimly  lighted 
street.  One  havmg  a  minimum  of 
0  01  foot-candle,  and  an  average  illu- 
mination of  003  foot-candle,  would  be 
unquestionably  much  better  lighted. 
Under  the  proposed  specification  these 
two  conditions  would  be  put  on  a 
parity,  which  is  manifestly  illogical  and 
unjust. 

These  facts  have  evidently  been 
considered,  but  the  specification  of 
average  illumuiation  has  been  rejected 
apparently  because  of  certain  real  or 
imagined'  difficulties  of  experimental 
determmation.  Mr.  Trotter  says  it 
Avould  amount  to  a  photometric  survey 
of  the  street.  This  would  seem  to  give 
a  rather  exaggerated  idea  of  the  diffi- 
culties. Such"  a  survey  might  avcU  be 
required  to  determine  whether  tlie 
type  of  illummant  gives  the  required 
flux,  but  for  periodic  checks  of  the 
illumination  a  simpler  procedure  might 
ansAver.  For  instance,  a  factor  might 
be  agreed  upon  as  a  result  of  tests, 
showing  the  average  ratios  of  the 
average  illumination  to  the  minimum 
illumination,  and  thereafter  the  mini- 
mum alone  would  need  to  be  measured. 
Instead  of  nud<ing  a  survey  of  the 
street,  the  flux  of  light  method,  Avhich 
deserves  different  consideration  from 
that  Avhich  Mr.  Trotter  accords  it, 
might  be  used.  It  is  really  no  nuirc 
difficult  to  compute  the  total  flux  of  a 
lamp  thnn  it  is  to  compute  the  mean 
spherical  c;mdle-]iowcr. 

The  flux  emitted  in  any  zone  of  a 
lamp  is  A'ery  readily  determined  ivom 
its  candle-poAver  distribution  curve. 
In  fact,  it  is  the  practice  of  the  Elec- 
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trical  Testing  Laboratories,  in  sending 
out  distribution  tests,  to  give  the 
lumens  emitted  in  each  of  the  10-deg. 
zones  of  a  lamp.  Dividing  the  area 
of  a  circle  having  the  distance  betAveen 
lamps  as  its  diameter  by  the  flux 
fallmg  on  that  cir-cle  from  a  lamp 
placed  at  the  given  mounting  height 
gives  at  once  the  average  illumination 
over  the  area.  The  flux  of  light  method 
of  computing  average  illumination  is 
being  used  very  generally,  and  is 
found  to  make  a  very  great  saving  as 
compared  AAith  the  older  methods  of 
accomplishing  the  same  purpose.  Mr. 
Trotter's  expression  that  he  Avho  does 
this  "  goes  out  at  the  same  door 
Avherein  he  went  "  is  not  what  those 
Avho  are  experienced  in  the  use  of  this 
metliod  have  found  out. 

Tlierefore,  the  mtroduction  of  the 
average  illumination  in  the  specifica- 
tion does  not  involve  excessive  diffi- 
culties in  the  matter  of  measurements. 
Tlie  lighting  of  streets  is  a  matter  of 
sufficient  importance  to  justify  a  con- 
siderable amount  of  care  and  effort  in 
follow  ing  it  up.  Justice  and  the  attain- 
ment of  proper  results  should  not  be 
sacrificed  to  an  expediency  which 
concerns  only  the  minor  matter  of 
measurements. 

Similarly,  it  would  appear  that 
inasmuch  as  the  quantit}^  under  con- 
sideration is  tbe  illumination  on  the 
street  surface,  it  is  this  illumination 
Avhich  should  be  measured,  and  not 
the  illumination  on  a  j^lane  selected 
with  a  view  to  the  photometrist's 
convenience.  If  the  proposed  height 
of  one  meter  for  the  measuring  plane 
were  to  be  reduced  to  zero  or  to  10  cm. 
there  Mould  be  a  gain  in  logic  at  least. 

The  (Jommittee  has  done  a  most 
excellent  piece  of  work,  which  has  the 
merit,  not  always  present,  of  being 
based  to  some  extent  on  actual  obscrva- 
tions  and  measurements  taken  in  the 
street. 

Mk.  Preston  S.  Millar  (New  York, 
U.S.A.,  communicated) .  — Perha  ps  the 
most  interesting  and  impressive  single 
feature  of  the  record  in  Mr.  Trotter's 
paper  is  the  happily  conceived  plan 
of  co-operation  among  the  four  So- 
cieties who,   through   the   Joint  Com- 


mittee, have  sought  to  arrive  at  a 
generally  acceptable  specification  for 
street  lighting.  This  plan  appears  so 
meritorious  that  it  is  to  be  hoped  that 
it  may  be  emulated  in  other  countries. 
The  members  of  the  Committee  are 
to  be  congratulated  upon  their  evident 
careful  consideration  of  the  many 
phases  of  this  intricate  problem  which 
Mr.  Trotter  discusses  so  clearly  in  his 
paper.  It  is  made  clear  that  exten- 
sive deliberation  has  preceded  the 
action  of  the  Committee  in  recommend- 
ing as  a  basis  of  rating  : — 

{a)  Tlhimination  rather  than 
candle-poM'er. 

(6)  Horizontal  intensity  rather 
than  intensity  upon  a  surface  other- 
wise inchned. 

(c)  The  minimum  intensity  rather 
than  the  average  or  some  relation 
between  these  and  the  maximum 
intensity. 

{d)  A  height  of  3ft.  Sin.  rather 
than  the  street  level  for  measure- 
ments. 

Each  of  these  four  elements  of  the 
problem  might  be  discussed  pro  and 
con.  I  shall  confine  my  expression, 
however,  to  adverse  comment  upon 
the  choice  of  a  minimum  intensity  as 
a  basis  of  rating  for  a  street-lighting 
system.  For  conditions  in  America,  at 
least,  this  provision  appears  to  the 
Av  riter  to  be  unsatisfactory. 

To  base  the  xaluation  of  the  illu- 
minating effect  upon  the  minimum 
intensity  is  to  invite  manipulation  of 
light  Avith  a  a^cav  to  producing  a  rela- 
tiA^ely  high  minimum.  In  some  street 
illumination  it  is  probably  important 
to  increase  the  minimum  at  the  exjDense 
of  intensity  elseAvhere,  and  the  speci- 
fication may  be  effectiA^e  in  promoting 
this.  But  in  neglecting  all  other  in- 
tensities the  Avay  is  opened  for  abuse 
and  unAvholesome  dcA^elopment. 

In  America  there  Avas  proposed  in 
1907  a  basis  of  rating  which  Avas  some- 
A\hat  analogous  to  that  under  considera- 
tion. Fortunately,  it  has  not  receiA'ed 
much  support,  and  has  not  entered  into 
commercial  practice  to  any  consider 
able  extent.  Lamps  Avere  to  be  rated 
in  terms  of  normal  illumination  inten- 
sity measured  at  a  distance  of  200  ft, 
to  300  ft.  from  the  lamp,  Avhich  corre- 
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sponded  usually  with  an  angle  of  about 
10  degs.  below  the  lamp  horizontal. 
Practicall}^  as  in  the  specifications  now 
proposed,  this  resolved  itself  into  a 
uni-directional  rating  for  illuminants. 
To  illustrate  how  unsatisfactory  a 
rating  of  this  kind  maybe,  I  would  cite 
data  from  a  paper  bj^  Sharp,*  who 
described  a  reflector  designed  to  direct 
along  the  street  all  light  from  the  upper 
hemispliere,  and  much  of  the  side- 
light, thereby  reinforcing  greatly  the 
minimum  intensit3^  Sharp,  in  empha- 
sizing the  valuable  light-reflecting  quali- 
ties of  his  reflector,  slio^ed  that, 
according  to  tlie  method  of  rating  just 
described,  a  50  c.-p.  lamp  equipped  with 
his  reflector  should  be  rated  something 
like  25  per  cent  higher  than  a  4-amp. 
Magnetite  arc  lamp  giving  six  or  seven 
tmies  as  much  light  distributed  largely 
below  the  horizontal.  He  did  not,  of 
course,  mean  to  imply  that  the  50  c.-p. 
lamp  so  equijiped  is  really  equivalent 
to  the  Magnetite  lamp. 

There  can  be  no  question  but  tliat 
for  street  lighting  purposes  the  Magne- 
tite lamp  was  much  the  superior  ;  yet, 
if  the  uni-directional  rating  had  been 
adopted,  it  Avould  have  been  shown 
much  inferior  to  the  50  c.-p.  incan- 
descent lamp  with  the  Equilux  reflector. 

The  liistory  of  illumination  is  replete 
with  instances  of  the  unwisdom  of  uni- 
directional lamp  ratings.  The  writer 
submits  that  in  this  period  of  advance 
in  the  science  and  art  of  illumina- 
tion it  would  be  an  unfortunate  retro- 
gression to  adopt  an}^  basis  which 
so  closely  approaches  a  uni-directional 
rating  as  does  that  contemplated  by 
the  Joint  Committee. 

But  there  is  a  further  serious  objec- 
tion to  tlie  criterion  afforded  by  the 
minimum  intensity.  I^arge  objects  are 
seen   on   the   street   at   nigl\t,    not   so 

*  C.  H.  Sharp,  'A  Hiirh  Kfficiency  Retlector  for 
Street  Lighting,'  Transact io7iH  of  Illmninatiiig 
Engineering  Societ3'.  vol.  v.  (IIUO),  p  :i7."). 

ERRATA. 

On  p.  250,  second  coluinn,  line  22.  for  "  very 
great  illumination'  read  'very  striking  agree- 
ment." 


much  by  reason  of  the  light  which 
falls  upon  them,  or  Avhich  is  reflected 
from  them,  as  because  the}^  are  con- 
trasted against  some  background  of 
markedly  different  brightness.*  Usu- 
ally this  is  a  contrast  of  a  dark  object 
against  a  light  street  surface.  This 
silhouette  effect  is  greatly  enhanced  by 
local  bright  areas  on  the  street  near 
distant  lamps.  Thus  a  nearby  vehicle 
or  pedestrian  may  bo  discerned  most 
readily  because  silhouetted  against  a 
light  street  surface  which  may  be  one- 
quarter  of  a  mile  distant.  This  mode 
of  discernment  is  very  largely  de- 
pendent upon  the  maximum  illumination 
intensity.  According  to  the  method 
of  rating  wliich  is  recommended  by 
the  Committee,  two  street-lighting  sys- 
tems are  of  equal  value  which  yiekl  the 
same  minimum  illumination  intensities, 
even  though  one  has  a  maximum  ten 
times  the  minimum,  and  the  other 
has  a  maximum  twice  the  minimum. 
In  practice,  I  venture  the  assertion 
that,  other  things  being  equal,  the 
street-lighting  system  in  winch  the 
higlier  maximum  illumination  prevails 
is  usually  superior,  even  though 
the  uniformity  be  of  a  lower  order. 

The  writer,  therefore,  desires  to  be 
recorded  as  not  in  favour  of  minimum 
illumination  intensity  as  a  criterion 
b\-  Avhich  to  evaluate  street  lighting 
service,  because,  first,  it  is  practically 
a  uni-directional  rating  for  the  lamps, 
and  all  uni-directional  ratings  are  in- 
capable of  affording  a  reliable  and 
generally  applicable  measure  of  illu- 
minating value  ;  and  because,  secondly, 
he  believes  that  the  minimum  intensity 
is  by  no  means  a  criterion  of  the  value 
of  the  illumination,  this  being  dependent 
as  McU  u])on  the  maximum  and, 
perhaps,  the  average  intensity. 


*  P.  S.  Millar,  '  Some  Neglected  Con-idcrations 
Pertaining  to  Street  Illumination,"  Transactions 
of  Illuminating  Kugineering  Society,  vol.  v. 
(11)10),  p.  Go.S. 


\The  continuation  of  this  discussion  at  the 
meeting  on  April  29th,  and  Mr.  Trotter's  reply, 
will  be  published  in  our  next  number.— Ed.] 
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The  Economic  and  Hygienic  Value  of  Good  Illumination/ 


ABSTRACT. 

[A  close  connection  may  be  traced  between  the  development  of  artificial  light  and  social 
progress.  Light  plays  an  important  part  in  onr  streets,  on  the  railways,  in  shops,  schools,  factories, 
and  places  of  entertainment.  Good  illumination  is  essential  (a)  as  a  hygienic  necessity  (b)  as  a  means 
of  preventing  accidents  (c)  on  purely  economic  grounds.  Defective  "lighting  in  the  home  or  in  the 
school  is  prejudicial  to  the  health  of  children  ;  in  factories  poor  illumination  leads  to  accidents,  ill- 
health,  spoiled  work,  2nd  diminished  output.  The  question  is  raised  "  what  is  meant  by  adequate 
illumination  1  Exhaustive  tests  and  further  data  are  needed  to  specify  this  more  exactlv,  although 
there  is  already  agreement  on  some  fundamental  points.  Finally  the  author  gives  a  summary  of 
the  important  events  of  the  last  few  years  leading  to  the  appointment  of  the  Committee  on  Illumin- 
ation by  the  Home  Secretary.] 


An  interesting  meeting  of  the  Royal 
Society  of  Axta,  which  maj^  one  day' be 
of  historic  interest,  was  held  in  London 
on  Wednesday,  February  5th,  when  Mr. 
Leon  Gaster  read  a  paper  emphasizing 
the  importance  of  good  industrial  illu- 
mination. Quite  a  number  of  members 
of  the  Illuminating  Engineering  Society 
were  present,  and  the  chair  was  taken 
by  Sir  Arthur  AVliitelegge  (H.M.  Chief 
Inspector  of  Factories). 

]\Ir.  Gaster  made  a  few  preliminary 
remarks  acknowledging  the  sympatlietic 
attitude  of  the  Royal  Societ}-  of  Ai'ts  to- 
wards matters  of  illumination  and  their 
constant  kindness  to  the  Illuminating 
Engineering  Societ}'.  From  its  earliest 
commencement  tlie  Royal  Society  of 
Arts  had  been  closely  identified  with 
social  progress,  and  illumination,  being 
one  of  the  most  civilizing  influences 
of  the  centur}^,  justly  received  their 
attention. 

Illumination  and  Social  Progress. 

A  striking  parallel  may  be  dra\\n 
between  intellectual  and  moral  progress 
and  the  develof)ments  in  tlie  art  of 
using  artificial  fight.  In  the  dark 
ages  superstition  and  prejudice  were 
doubtless  fostered  by  the  fear  of  tlie 
night  time,  and  even  to-day  the  con- 
ception of  darkness  as  illustrating 
error  and  confusion  occurs  in  many 
famiUar  phrases.  The  fighting  of  Lon- 
don alone  Mould  form  an  interesting 
study.  The  improved  illumination  of 
its  streets  has  been  one  of  the  most 
potent  agents  in  making  them  safe 
and  in  suppressing  disorder. 


The  ease  with  which  people  travel  to 
various  parts  of  London  is  largely  the 
result  of  better  fighting,  and  the 
modem  social  instinct  is  doubtless  also 
connected  with  facility  in  producing 
light.  Business  and  pleasure  are  now 
pursued  in  the  evening  with  far  greater 
zest  than  in  the  past,  Avhen  no  one  stirred 
outside  his  door  after  darkness  had 
fallen.  On  our  railwaj's  fighting  plaj^s 
a  conspicuous  part  both  in  making  it 
possible  to  read  on  a  journej',  and  in 
the  form  of  illun^inated  signs  enabfing 
people  to  see  at  a  glance  when  and 
Avhere  the  next  train  departs. 

Light  also  plays  an  important  part 
in  the  concert  hall,  the  restaurant,  and 
on  the  stage.  In  theatrical  perform- 
ances as  in  education  the  tendency  is 
to  appeal  to  an  increasing  extent  to 
the  eye  rather  than  to  the  ear.  It  is 
therefore  most  essential  that  the  arti- 
ficial light  so  wideh^  used  at  the  present 
time  should  also  be  employed  judi- 
cioush'.  One  must  bear  in  mind  the 
object  to  be  served  by  instaUing  each 
light,  and  make  sure  that  it  is  installed 
in  such  a  wa.\  as  to  aid  the  user. 

]\Ir.  Gaster  added  that  good  fighting 
was  essential  {a)  as  a  hygienic  necessity, 
(6)  as  a  means  of  preventing  accidents, 
and  (c)  on  j^urely  economic  grounds. 
Take,  for  example,  the  home.  An  ill- 
fighted  house  is  also  an  ill  -  kept 
one.  Insufficient  illumination  naturally 
favours  the  accumulation  of  dirt  in 
corners,  and  impedes  work  in  the 
kitchen.     For  the  sake  of  the  children 

*  Abstract  of  paper  read  by  Mr.  L.  Gaster 
before  the  Royal  Society  of  Arts,  London,  on 
February  5th,  11>13. 
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good  lighting  was  particularly  essential. 
At  present  efforts  are  being  made  to 
ensure  that  the  lighting  of  school- 
rooms in  this  country  shall  be  kept 
up  to  a  good  standard.  But  this  is 
not  enough.  The  precautions  of  school 
authorities  may  be  nulhfied  if  the  child 
is  allowed  to  ruin  its  eyes  at  home. 

School  Lighting. 

Statistics  are  available  to  show  that 
a  steady  deterioration  in  eyesight  takes 
place  during  school  life.  There  seems 
reason  to  suppose  that  the  nature  of 
some  kinds  of  work,  namely,  reading 
fins  type,  fine  sewing  and  stitching, 
&c.,  is  unsuitable  for  young  eyes, 
and  has  been  partly  responsible  for 
defects  of  vision.  Efforts  are  now 
being  made  to  give  young  children 
more  suitable  work  to  do. 

The  British  Association  has  recently 
issued  a  report  containing  actual  ex- 
amples of  the  print  which  may  be 
safely  read  by  children  of  various 
ages,  and  Dr.  Hope  of  Liverpool  lias 
traced  very  clearly  the  prejudicial 
effect  of  much  sewing  in  the  case  of  girls 
in  tlic  elementary  schools.  He  recom- 
mends that  no  sewing  should  be  done 
by  girls  under  the  age  of  seven.  It 
is  also  realized  that  poor  lighting  is 
one  of  tlie  most  common  causes  of  eye- 
strain and  brain-strain.  Dr.  Kerr, 
medical  officer  of  the  London  County 
Council,  drew  attention  to  this  fact 
in  his  evidence  before  the  Committee 
on  Piiysical  Degeneration  some  years 
ago.  It  is  impossible  for  a  young  child 
to  work  in  comfort  if  he  has  difficulty 
in  making  out  the  letteis,  or  if  his  eyes 
arc  being  constantly  troubled  by  the 
glare    from    badly    placed    sources    of 

Natural  illumination  in  school-rooms 
also  requires  to  be  studied,  the  more 
so  because  daylight  is  not  under  our 
control  to  the  sanui  extent  as  artificial 
illumination,  and  varies  so  greatly  at 
different  periods  of  the  year.  When 
a  school  has  once  been  built  it  is  not 
ahvays  easy  to  remedy  defects  in  the 
size  and  position  of  windows.  One 
would  like  to  make  sure  that  the  next 
generation  of  children  do  not  suffer 
from  the  lighting  defects  that  have 
characterized  schools  in  the  past. 


Poor  illumination  is  also  responsible 
for  defective  vision  in  adults,  par- 
ticularly in  certain  trades,  such  as 
spinning  and  textile  work,  printing 
works,  &c.,  where  a  special  tax  is  often 
made  on  the  eyes. 

There  are  also  possibilities  of  per- 
manent injury  to  the  eyes  owing  to  an 
exposure  to  an  excessively  brilliant 
light.  For  example,  it  is  well  known 
that  precautions  must  be  taken  bj/ 
men  in  welding  operations,  using  the 
electric  arc  or  oxj'-acetylene  flame, 
in  order  to  avoid  the  effect  on  the  eyes 
of  the  ultra-violet  light  commonly 
generated  in  this  process.  A  somewhat 
similar  case  is  to  be  found  in  the 
cataract  of  the  eye  which  is  prevalent 
among  glass-workers  ;  by  some  this 
has  been  ascribed  to  the  effect  of  ultra- 
violet rays. 

Another  example  of  a  disease  of  the 
eye,  apparently  due  to  deficiency  of 
light,  is  the  "  nystagmus  "  met  with 
in  some  British  coal  mines.  This  is 
now  believed  by  some  authorities  to 
be  due  mainly  to  the  weak  illumination 
in  which  such  work  is  carried  out. 

Bad  Lighting  as  a  Cause  of 
Accidents. 

Turning  next  to  the  value  of  good 
ilhunination  as  a  means  of  preventing 
accidents,  Mr.  Gaster  made  special 
reference  to  the  report  of  a  Depart- 
mental Committee  on  Accidents  in 
Factories  issued  in  1911,  and  nien- 
tioned  instances  of  accidents  occuriing 
to  men  carrying  molten  metal  and 
stumbling  along  ill-lighted  passages, 
or  working  on  scaffolding  by  the  faint 
light  of  early  morning.  It  was  suggested 
that  the  increase  in  the  number  of 
accidents  in  the  streets  during  recent 
years  was  partly  due  to  the  multiplica- 
tion of  very  bright  street  la'mj)s.  which 
were  apt  to  dazzle  drivers  and  people 
walking.  The  actual  illumination  in 
the  streets  was  much  higher  than  it 
used  to  be,  but  some  method  of  toning 
down  the  brilliancy  of  modern  lamps 
seemed  imperative. 

As  an  illustration  of  the  connexion 
between  light  and  the  prevalence  of 
accidents  Mr.  Caster  reproduced  some 
statistics  presented  by  the  Fidelity  and 
Casualty    Company     of     New     York. 
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These  sliOMed  conclusively  that  most 
accidents  occurred  in  the  short  days 
of  winter  Avhen  artificial  hght  was 
mainly  needed. 

But  besides  being  necessary  to  health 
and  safety  good  illumination  is  desir- 
able on  economic  grounds.  A  break- 
down in  the  machinery,  or  an  accident  to 
a  member  of  the  staff,  always  meaiis 
loss  ;  eyen  aft?r  the  accident  the  effect  is 
felt  for  some  time,  and  leads  to  disorgan- 
ization of  Avork. 

There  are  many  instances  in  wliich  a 
stoppage  of  the  machinery,  even  for  a 
short  time,  throws  the  Avhole  SA^stem 
out  of  gear,  and  poor  lighting  increases 
the  difficulty  of  locating  the  defect. 

Good  Lighting  Pays  the  Employer. 

On  broad  grounds  every  one  will 
admit  the  folly  of  pa\'ing  a  liighly 
trained  staff  and  instalhng  expensive 
nuichinerv,  and  then  neglecting  to 
provide  sufficient  light.  The  incon- 
venience of  insufficient  illumination  is 
thoroughly  realized  by  employers.  JMr. 
G aster  mentioned  that  it  had  been  a 
frequent  experience  of  his  to  find  that 
Avhen  the  hght  in  one  section  of  the 
factory  was  brought  up  to  the  requisite 
standpoint  a  clamour  immediately 
arose  on  the  part  of  the  work-people 
in  other  sections  hghted  on  the  olcl  plan. 
Sometimes  girls  who  were  piece  workers 
urged  that  it  was  unfair  that  some  of 
them  should  be  treated  better  than 
others  in  this  resj)ect.  There  was  a 
general  recognition  that  good  fighting 
was  an  advantage  both  to  the  employer 
and  employees.  It  meant  that  less 
work  Avas  rejected  ;  the  output  was 
increased,  and  both  parties  were  able 
to  earn  more. 

It  is  probable  that  the  cost  of  light- 
ing is,  in  general,  but  a  small  fraction 
of  the  total  Avages  bill — in  many  cases 
less  than  1  per  cent.  Therefore,  an 
improvement  in  the  illumination  Avould 
often  cost  A'cry  little  in  comparison 
to  the  enhanced  efficiency  Avith  Avhich 
Avork  Avas  carried  out.  But  in  inanv 
cases  it  Avas  j^ossible  to  get  improved 
illuuiination  and  yet  accomplish  a 
saving,  merely  by  seeing  that  the  light 
AA'as  put  to  a  better  j)urpose. 


Bad    Lighting    and    Spoilt    Work* 

It  is  interesting  to  note  that  the 
census  experts  ga\"e  1  per  cent  as  the 
gross  spoilage  of  American  manu- 
facturers during  the  year  1909,  Avluch 
amounts  appro ximatety  to  150  milfion 
dollars.  '"  Of  this  A'^ast  amount  75  per 
cent  is  said  to  liaA^e  occurred  under 
artificial  light,  and  experts  seem  to 
agree  that  25  per  cent  of  this  number 
could  haA^e  been  aA^oided  by  good 
illumination." 

The  cpiestion  arises,  Avhat  is  meant  by 
adequate  illumination.  On  this  point 
Ave  liaA'c  much  to  learn,  but  there  are 
some  simple  recommendations  that 
AAill  meet  Avith  general  approA^al,  and 
liaA^e  been  concisely  stated  in  the 
pamphlet  entitled  '  Light  and  Illumina- 
tion :  their  Use  and  5lisuse,'  reprinted 
from  The  Illuminating  Engineer. 
Special  importance  should  be  attached 
to  the  use  of  proper  shades  and  re- 
flectors, both  with  a  a'Icav  to  aA^oiding 
glare  and  directing  the  light  Avhere  it  is 
chiefly  needed. 

Another  important  dcA'clopment  of 
the  last  fcAA"  years  has  been  the  iuA-en- 
tion  of  conA'ement  methods  of  measuring 
illumination.  More  than  2,500  such 
measurements  in  OA'er  125  factories 
Avere  recentty  made  by  Mr.  D.  R.  Wilson 
in  the  course  of  his  iuA'estigations  on 
behalf  of  the  Home  Office.  Photo- 
metric data  of  this  kind  form  a  most 
A^aluable  record. 

At  present  one  meets  Avith  an  extra- 
ordinary A'ariation  in  the  amount  of 
light  used  cA^en  in  the  same  trade  and 
for  identical  purposes.  What  is  needed 
is  to  collect  data  establishing  approxi- 
mately Avhat  illumination  is  required  in 
each  case. 

Important  Events  of  the  Last 
Three  Years. 
The  concluding  portion  of  the  paper 
Avas  devoted  to  a  summary  of  important 
CA'ents  of  the  past  ie^y  j^ears.  IMr. 
Gaster  paid  a  tribute  to  the  A^aluable 
Avork  carried  out  by  the  Factory  Depart- 
ment of  this  country  under  Sir  Arthur 
Whitelegge,  and  in  particular  to  the 
series  of  measurements  undertaken  by 
Mr.  I).  R.  Wilson.  The  desirabifity  of 
estabfislung  some  standard  of  illu- 
mination in  factories   Avas   noAV   being 
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considered,  and  it  was  of  interest  to  it  would  be  possible  to  arrange  for 
notice  that  the  latest  Indian  Factory  co-operation  with  similar  committees 
Act  for  1911  already  requires  good  in  other  countries  so  as  to  avoid  over- 
lighting  in  general  terms.  lapping,  and  that  in  future  their  joint 

Valuable    opportunities    of    bringing  results    might    ])e    put   for^\ard    at   an 

liome  the  need  for  good  lighting  were  international  congress  vnth  a  view  to 

afforded  at  the  International  Congress  framing    recommendations     applicable 

on  Industrial  Hygiene  held  in  Brussels  to     lighting     throughout     the     world, 

in  1910  and  at  the  First  International  This  country  was  well  fitted  to  act  as  a 

Congress    for    the    Prevention    of    In-  link   between   the   Continent   and   the 

dustrial    Accidents    held    in    Milan    in  United  States,  and  to  take  the  initiative 

1912.     The     author    had    contributed  in  caUing  this  congress. 
papers    at    both    these    meetings,    and 

quite  a  number  of  communications  The  Chairman  (Sir  Arthur  White- 
dealing  with  various  aspects  of  lighting  legge,  K.C.B.)  in  opening  the  discussion, 
were  received.  It  was  at  Brussels  remarked  that  it  would  be  evident  to 
that  the  question  of  miners'  nystagmus  all  who  had  hstened  to  the  paper  that 
and  its  connexion  with  poor  illumina-  an  overwhelming  case  had  been  made 
tion  was  first  brought  forward.  In  out  for  adequate  lighting ;  but  this 
Milan  the  importance  of  lighting  matters  required  more  precise  definition.  He 
to  insurance  companies  was  emphasized,  appreciated  tlie  reference  to  the  work  of 
and  it  was  suggested  that  specially  his  own  Department  and  that  of  Mr. 
favourable  terms  should  be  given  to  Wilson.  He  hoped  that  eventually 
firms  Avhose  premises  were  well  lighted  ;  Mr.  Gaster's  idea  of  an  international 
also  that  some  more  complete  method  congress  would  be  realized, 
of  classifying  accidents  and  ascertain-  The  Committee  on  Illumination  had 
ing  what  proportion  was  due  to  poor  before  it  a  heavy  task,  but  it  would 
lighting  should  be  undertaken.  Last  be  their  aim  to  draw  up  their  conclusions 
year  an  important  step  had  been  taken  in  a  convenient  form  available  for  the 
by  the  French  Government  in  appoint-  guidance  of  all  concerned,  both  em- 
ing  a  special  committee  to  study  the  ployers  find  workers, 
hygienic  effects  of  illumination,  and  Subsequently,  Mr.  F.  W.  Goodenough 
it  was  hoped  that  similar  committees  and  Mr.  Frank  Bailey  expressed  their 
would  be  formed  in  other  countries,  appreciation  of  the  paper,  and  their 
The  New  York  Factory  Commission  conviction  that  manufacturei's  and 
was  now  considering  the  formation  of  employers  of  labour,  as  well  as  private 
a  bill  requiring  good  illumination  in  individuals,  M'ould  welcome  suggestions 
factories  in  general  terms,  and  it  was  for  improving  their  lighting.  Mr.  Bailey 
anticipated  tliat  this  Mould  come  into  referred  specially  to  the  necessity  for 
force  in  October,  1914.  This  step  was  proper  methods  of  shading,  and  alluded 
largely  due  to  the  influence  of  the  to  the  change  carried  out  in  tlie  hall 
American  Illuminating  Engineering  when  the  meeting  was  held. 
Society.     A    similar    society    had    just 

been  formed  in  Germany,  and  it  was  (Previous  to  this  meeting  some  changes 

hoped   that  it  would   be  beneficial   in  in  the  customary  lighting  of  the  liall 

bringing   forward    the   claims    of   good  had    been    made.     Lamps    of    higher 

ilhunination  in  that  country.  candle-poM-er     had     been     introduced, 

In  conclusion,  Mr.  Gaster  remarked  and    the    four    chandeliers    had    been 

that  the  cam])aign  for  l)etter  lighting  equipped  Avith  different  types  of  globes 

in  Great  Britain  had  cuhnlnated  in  the  and    reflectors,    namely,    two    varieties 

aj^pointment   by   the   Home   Secretary  of   veluria   glassware,    Holophane   con- 

of  a  committee  ch;u-g(>d  Avith   the  iii-  centrating    reflectoi-s    and    Holophane 

vestigtition   of  industiial   illumination,  globes.     Three    simple    forms    of    illu- 

of   which    the    Chairman    and    himself  mination  photometers,  the  Holophane 

were  both  meml)ers.     Enough  had  been  lumeter,     the     lightometer,     and     the 

said  to  shoAv  the  important  field  of  Avork  luxometer,  Avere  also  exhibited  during 

of    the    conunittee.      He    hoped    that  the   evening,   and   measurements   Avere 
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carried  out  in  order  to  show  the  increase 
in  illumination  secured.  It  was  re- 
ported that  the  general  illumination  on 
the  lecture  table  was  now  over  3  foot- 
candles,  whereas  it  was  formerly  less 
than  1  foot-candle.) 

Sir  Henry  Trueman  Wood  (Secretary 
of  the  Royal  Society  of  Arts)  referred 
to  the  history  (extending  over  140 
years)  of  the  hghting  of  the  room. 

It  was  originally  lighted  by  three 
or  four  oil  lampS;  and  a  lamphghter 
was  emj)loyed,  who  was  paid  4J(Z.  per 
lamp  per  meeting  for  cleaning  and 
fiUing  the  lamps.  This  method  con- 
tinued for  nearly  eighty  years,  but 
towards  tjie  end  of  the  century  various 
experiments,  including  the  installation 
of  a  Bude  lamj)  in  the  centre  of  the 
room,  were  tried.  The  first  introduc- 
tion of  gas  occurred  in  1815,  when  a 
lamp  was  put  up  outside  the  street 
entrance.  But  at  this  time,  the  puri- 
fication being  still  incomplete,  gas 
illumination  could  not  be  introduced 
into  houses.  It  was  not  until  1845 
that  gas  lights  were  substituted  for  the 
oil  lamps  at  the  four  corners  of  the  hall. 
In  1882  electric  light  Avas  introduced. 
He  believed  this  to  be  the  first  pubUc 
building  in  London  lighted  bv  electric 
hght.  But  it  was  not  until  1899  that 
current  was  taken  from  the  street  mains, 
the  arrangement  before  this  time  being 
to  obtain  electricity  from  a  plant  on 
the  premises  consisting  of  an  Otto  gas 
engine,  a  Siemens  d\Tiamo,  and  an 
E.P.S.  storage  battery. 

Among  others  who  spoke,  JVIr.  D.  R. 
Wilson  remarked  on  the  anomaly  that 
while  the  factory  acts  provided  against 
other  risks  to  wliich  workers  Avere 
exposed,  they  left  unconsidered  that 
most  important  organ — the  eye.  He 
hoped  that  legislative  provisions  on  this 
point  would  be  made  as  a  result  of  the 
committee's  labours. 

Mr.  C.  C.  Paterson  complimented 
Mr.  Gaster  on  his  paper,  and  emphasized 
the    big    programme    before    the    com- 


mittee and  the  necessity  for  exhaustive 
tests.  Mr.  F.  W.  Willcox  quoted  some 
instances  of  the  pervasive  character 
of  illumination,  affecting  as  it  did  every 
walk  of  Hfe  and  phase  of  science  and 
industry.  Dr.  W.  J.  M.  Ettles  referred 
to  the  importance  of  the  colour  of  the 
light  as  affecting  acuteness  of  vision 
and  the  desirability  of  avoiding  ex- 
cessive contrasts. 

Mr.  T.  E.  Ritchie  emphasized  the 
fact  that  good  illumination  invariably 
paid  the  employer,  and  it  was  often 
possible  to  shoAv  a  tangible  saving  in 
labour  following  the  increase  in  light 
provided.  It  Avas,  hoAVCA^er,  usually 
difficult  to  obtain  permission  from 
manufacturers  to  present  data  of  tliis 
kind.  The  speaker  then  thrcAV  upon 
the  screen  some  illustrations  of  installa- 
tions regarding  Avhich  he  had  obtained 
definite  data.  In  one  case,  by  doubling 
the  illumination,  the  output  of  a  factory 
had  been  increased  11  per  cent. 

Mr.  R.  J.  Wallis-Jones  briefly  com- 
mented on  the  A^agueness  of  the  phrase 
'■  adequate  lighting,"  and  Mss  A. 
Anderson  raised  the  interesting  ques- 
tion hoAV  it  Avas  that  the  ancients  had 
been  able  to  execute  such  fine  Avork 
in  the  tombs  and  catacombs  to  which, 
apparently,  dayHght  had  no  access. 
The  fine  colouring  of  the  pictures  seemed 
to  suggest  that  much  more  efficient 
sources  of  artificial  light  might  haA^e 
been  aA^ailable  than  Avas  generally 
beheved. 

The  hour  being  somcAvhat  late,  Mr. 
Gaster  replied  A^ery  briefly  to  the  dis- 
cussion, expressing  thanks  for  the 
kind  references  to  his  paper,  and 
commenting  briefly  on  the  remarks  of 
the  A'arious  speakers,  with  AA^hich  he 
found  himself  in  general  agreement. 
He  had  been  particularly  interested  in 
Sir  Henry  Trueman  Wood's  account 
of  the  lighting  of  the  hall  of  the  Royal 
Society  of  Arts,  AA'liich  had  ahvays 
shoAvn  its  enterpiise  by  investigating 
each  neA\'  form  of  illumination  as  it  was 
iuA-ented. 
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Short  Notes  on 
Illuminating  Engineering. 


PUBLIC    LIGHTING    IN    FRANCE. 

According  to  a  recent  number  of  The 
Electricien,  there  are  in  France  ten 
thousand  towns  having  more  than  one 
thousand  inhabitants  where  some  form 
of  distributed  public  hghting  ought  to 
be  installed. 

However,  there  are  at  present 
only  4,094  such  towns,  illuminated  as 
follows  : — 

Electricity       . .      . .     2,673  towns 
Gas  Lighting  . .     . .     1,249      „ 
Acetylene        . .      . .        172      ,, 
There     are,     tlierefore,    more     than 
6,0()0    towns    and   villages   at  present 
unlighted.      It  would  appear  that  elec- 
tricity has  special   advantages  in   dis- 
tricts such   as   those   in  the    Pyrenees 
where  water  power  is  available.     Gas 
works  can  liardly  be  economically  in- 
stalled in  towns  of  less  than  5,000  to 
6,000   inhabitants ;    acetylene  is    par- 
ticularly serviceable  in  sparsely  popu- 
lated districts. 


INDUSTRIAL 


HYGIENE 
YORK. 


IN    NEW 


We  note  that  a  lecture  on  the  above 
subject  is  to  be  delivered  by  Mr.  L.  B. 
Marks,  forming  one  of  a  special  course 
given  by  the  Medical  Society  of  New 
York,  under  the  joint  atispiccs  of  the 
American  Medical  Association  and  the 
New  York  Academy  of  Medicine. 


THE    EDUCATION    OF    THE    BLIND. 

At  a  meeting  of  the  Royal  Society  of 
Arts,  on  February  26th,  a  most  in- 
structive paper  on  this  subject  was 
read  by  Mr.  H.  J.  Wilson  (Secretary 
of  Gardner's  Trust  of  the  Blind). 

To  many  of  those  present  it  was  a 
revelation  to  discover  how  much  can 
be  done  for  the  blind  in  these  present 
days,  and  to  what  perfection  their 
education  has  been  brought. 

Special  instructions  are  also  issued 
to  parents  of   children,  e.g. : — 

"  Never  allow  your  children  to  use 
their  eyes  in  the  twiUght  or  by  in- 
sufficient light,  or  they  will  become 
weak  and  short-sighted." 

LIGHTING     AND    OUTPUT. 

In  a  recent  paper  before  the  American 
Institution  of  Electrical  Engineers  Mr. 
Esheleman  remarks  that  Avhen  winding 
coils  for  electric  machinery'  he  found 
he  could  only  earn  $1-10  on  the  night 
sliift,  while  on  the  day  shift  he  earned 
quite  $2.  Moreover,  while  only  5  per 
cent  of  the  coils  wound  in  tlie  daytime 
failed  to  pass  the  insulation  test,  a^ 
many  as  10-15  per  cent  of  those  done 
at  night  were  rejected. 

This  is  quoted  as  an  example  of  the 
disastrous  effect  of  imperfect  artificial 
illumhiation  on  the  speed  and  quality 
of  work. 
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TWO    INDIFFERENT    EXAMPLES    OF 
SHOP-LIGHTING. 

These  two  examples  of  shop  windo^^ 
lighting  illustrate  the  primitive  sj'-stem 
still  very  common,  of  exposing  bright 
lights  to  tlie  eyes  of  passers-by. 

The  arc  lamps  on  the  right  are 
hung  at  a  low  level.  Doubtless  they 
serve  as  an  advertisement,  but  they 
are  apt  to  dazzle  the  eyes  of  passers-b}^ ; 
it  would  be  better  to  use  a  diffusing 
screen — ^for  example,  having  the  name 
of  the  shop  engraved  on  it  in  coloured 
letters — on  the  side  facing  the  street. 


The  l)rilliancy  of  the  lights  would  then 
be  toned  down,  and  the  full  effect  ob- 
tained from  the  strong  illumination  of 
the  pavement  and  the  goods  in  the 
window. 

The  lighting  of  the  A\dndow  on  the 
left  has  little  to  recommend  it.  Bare 
metallic  filament  lamps  are  distributed 
among  the  goods,  where  they  inter- 
fere Anth  the  comfort  of  any  one  look- 
ing into  the  mndow.  It  is  preferable 
to  Ught  sucli  a  window,  like  the  stage 
at  tlie  theatre,  by  concealed  lamps. 
Light  on  the  object,  not  in  the  eye,  should 
be  the  motto. 


LIGHT     IN     MYTHOLOGY     AND 
RELIGION. 

A  RECENT  number  of  tlie  Edison 
monthly  contained  the  first  of  a  series 
of  articles  tracing  the  association  of 
light  with  religious  ideas.  In  the  oldest 
parts  of  the  sacred  writings  of  the 
ancient  Persians,  the  seeker  after  truth 
thus  addresses  the  Supreme  Being : — 

"That  I  shall  ask  Thee,  tell  it  me 
right,  O  Ahura !  Who  is  holding  the 
earth  and  the  skies  above  it  ?  Who 
made  the  waters  and  the  trees  of  the 
field  ?  Who  is  in  the  streams  tliat  they 
so  quickly  run  ?  Who  is  the  creator  of 
the  good-minded  Beings,  0  Mazda  ?  " 


The  answer  of  the  Persian  is,  like 
that  of  most  primitive  peoples.  It  is 
the  Light,  Light  the  Glorious,  Light 
the  Beneficient,  Light  the  Giver  of  all 
Good  Things. 

As  is  well  known  the  prophets  and 
teachers  of  Israel  constantly  employed 
light  and  darkness  to  portray  the  con- 
trast between  good  and  evil.  Many  of 
the  old  rints  representing  such  inci- 
dents as  the  conflict  of  St.  George  and 
the  Dragon  emplo^^ed  the  same  idea, 
the  sun  being  shown  bursting  through 
a  sky  to  illustrate  the  victory  over 
darkness  and  evil. 
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ILLUMINATION  AND  PHOTOMETRY. 

The  chief  matter  commented  upon  in  the 
British  j^ress  has  been  the  paper  by  Mr. 
Trotter  containing  the  draft  specification 
on  street  hghting,  which  appears  else- 
where   in    this    number. 

The  subject  of  jahotometry  is  repre- 
sented by  an  interesting  commimication 
by  MM.  Broca,  Jouast,  and  Laporte 
{Bull.  Soc.  Int.  des  ^lectriciens,  Feb.). 
The  autliors  describe  some  Photometric 
Tests  on  the  Neon  Tube,  lea<ling  to  sui"- 
prising  results.  Under  different  con- 
ditions personal  errors  of  as  much  as 
100  per  cent  occm* ;  this  is  ascribed 
partly  to  individual  peculiarities  and 
partly  to  the  Purkmje  effect.  Other 
experiments  deal  with  the  influence  of  this 
light  on  acuteness  of  \'ision,  and  on  the 
opening  of  the  jjupil  apertm-e.  Some 
exi^erinients  on  the  quartz  tube  mercury 
vapour  lamp  are  also  described.  It  seems 
that  pupil  contraction  may  be  caused  by 
ultra-violet  rays,  and  that  tlio  presence 
of  these  rays  also  leads  to  a  more  sus- 
tained "  after-image."  For  ordinary  j)ur- 
poses  of  illumination  the  lamp  should 
also  be  equijiped  with  the  outer  globe. 
wliicJi  absorl)s  the  ultra-violet  radiation. 

Tlie  question  of  Colour  Photometry  is 
also  taken  up  in  an  artic  le  b\'  M.  Luckiesh 
{Elec.  Review  and  W ester )i  Elec,  Marcli 
22nd).  The  chief  jooint  in  tlie  article  is 
his  observation  that  the  Purkuije  effect, 
characteristic  of  the  equality  oif  bright- 
ness ])hotometer  at  low  illuminations,  is 
actually  reversed  in  the  case  of  the 
flicker  instrument. 

in  tlie  American  press  there  have  been 
a  number  of  articles  describing  special 
installations,  including  some  utilizing  the 
semi-indiriM't  and  cornice  lighting.  A 
novelty  is  the  Curtis  Portable  Lamp, 
which  is  so  designed  as  to  illuminate  tJie 
table  and  also  to  throw  a  strong  light 
upwards  on  to  the  ceiling  {Elec.  Rev.,  &c.. 
March  1st). 

/Jclit  vnd  Lampc  contains  a  number 
of  illustrations  of  ingenious  new  types  of 
decorative  fixtures  and  artistic  "  indoor 
lightuig. 

In  The  Edison  Monthly  there  is  a  serial 
article  entitled  'The  Liglit  Tnvisilile,' 
in  which  the  part  i)layed  by  licht  m 
comiexion  with  religion,  and  a,s  jvu  influ- 


ence on  the  minds  of  primitive  peoples, 
is  traced  in  a  popular  way. 

ELECTRIC  LIGHTING. 

There  have  not  been  many  develop- 
ments to  record  in  this  section.  The 
chief  item  is  the  recent  paper  by  S.  L. 
Pearce  and  H.  A.  Ratcliff  read  before 
the  Institution  of  Electrical  Engineers 
dealing  with  Recent  Developments  in 
Manchester  Street  Lighting.  Two  streets 
lighted  respectively  by  gas  and  electricity 
are  compared,  and  full  figiu-es  for  the 
illmnination  and  cost  are  given.  An 
interesting  i^oint  in  the  pajjer  is  the 
authors'  accoimt  of  their  attempt  to 
soften  the  light  of  flame  arc  lamps  with- 
out interfermg  with  the  distribution  of 
light  in  desired  directions.  One  jolan 
adopted  was  to  cover  the  lamps  with  a 
graded  obscuring  material  so  as  to  pro- 
duce the  most  pronoiuiced  shading  effect 
in  tlie  case  of  the  raj^s  strikmg  the  lower 
part  of  the  globe. 

C.  F.  Lorenz  {Elec.  World,  March  8th) 
descrilie ,  a  cui'ious  effect  of  Electrical 
Discharge  on  the  Acetylene  Flame.  It 
appears  that  a  discliarge  of  tliis  kind 
stiffens  the  flame  and  makes  it  more 
luminous,  and  tliat  a  distinct  connexion 
between  the  increased  lirightness  and  the 
current  consumed  can  be  traced. 

GAS,  OIL,  AND  ACETYLENE  LIGHTING. 

The  Mancliester  street  lighting  has 
been  much  discussed,  and  there  is  a 
variety  of  articles  dealing  with  high- 
pressiu-e  gas  lighting.  Tlie  new  "  Silica  " 
caps  for  use  with  the  Keith  higli-pressure 
lamp  are  illustrated  in  an  article  in  the 
Journal  of  Gas  Lighting  (Feb.  2oth), 
and  it  will  be  intcu-esting  to  see  how 
widely  this  novelty  is  adopted  in  practice. 
The  use  of  high-jM-essure  lamjis  for  ad- 
vertising ])ur2)oses  has  als,)  nH'ei\ed  atten- 
tion. There  seems  room  for  forms  oi 
reflectors  to  du-ect  the  rays  on  the  sign 
illmninated  ;  in  some  of  tlie  illustrations 
sho^^^a  the  lamps  are  perhaps  a  more 
prominent  feature  tlian  the  object  they  are 
intended  to  illuminate. 

Reference  may  also  be  made  to  somr 
ingenious  de\-iees  for  producing  Flashing 
Signs  Lighted  by  Gas,  a  field  tliat  has 
liardly  been  (>x|i|<iitcd  much  a^s  yet  {Jour. 
Gas  Lighting,  April  Stli). 
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A  paper  by  Franklin  Thorp  {J.O.L.,  ing    of    a    bowling    alley    {Am.    G.L.J., 

April     8th)     contains     some     interesting  March  10th).     W.  Webb  describes  the  use 

scientific  observations  on  the    Mixing    of  of  special  "amber"  mantles  from  which 

Gas   [and    Air    for   hghting    and    heatiiag.  a  gain  in  illimiination  of  20  per  cent  is 

Tliis  ajDpears  to  have  distinct  theoretical  said  to  have  been  obtained,  and  also  a 

advantages.     A  table  is  given  showing  the  very  pleasing  effect  {Am.  G.L.J. ,  March 

intimate   connexion  between  flame  tem-  10th). 

peratm-e  and  intrinsic  brilliancy.  In   the   German  magazines  there   is   a 

There   is   some   speculation   as   to    the  series  of  articles  by  Albrecht  comparing 

lighting  arrangements  to  be  made  at  the  the     relative     advantages     of     gas     and 

National    Gas    Exhibition    to   take   place  electricity  for  street  hghtmg      R.  Schal- 

this  autumn.     Ilhunination  is  to  form  a  ^^^    Y'^f'^    ^/"J  .  ^^^^     discusses    the 

prominent  feature,  and  some  sketches  of  "f^ufacture    of    chimneys    out    of    Jena 

suggested  schemes  of  lighting  have  akeady  S^'^'"' i     ^\  '^^^  ^^'^}.  the  obscurmg  effect 

belli  presented.     From  these  it  appears  ?",   the    glass     leadmg    to    gradual    dis- 

that  sj)ecial  fixtures  are  to  be  a  prominent  integration  and  crackmg   is  often  due  to 

feature  presence  oi   slight  sulphur  mijDurities 

which   combine   with   the   glass   surface  ; 

The  American  press,  as  usual,  contains  but  with  the  latest  varieties  of  Jena  glass 
a  nmnber  of  articles  describing  gas  this  disintegration  is  much  less  pro- 
lighting  installations,  including  the  light-  nounced 
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Kunstlerische  Innenbeleuchtung  (Licht  u.  Lampe,  Jan.  20). 

ELECTRIC  LIGHTING. 

Armagnat.  H.    Dynamos  pour  I'eclairage  des  automobiles  (/?e?'.  ^^/ecM'^Jte.  Feb.  7).  ^  . 

Darmois,  E.     Nouvelle  Lampe  a  mercure  pour  reseaux  alternatifs  (Rev.  Electrique,  Feb.  7). 
Lorenz,  C.  F.     The  Acetylene  Electric  Flame  {Elec.  World,  March  8).  .      i.     i 

Pearce,  S.  L.,  and  Ratcliff,  H.  A.     Recent   Developments  in  the  Street  Lighting  of  Manchester. 
(Paper  read  before  the  Institution  of  Electrical  Engineers.  London,  March  b,  1913.) 

Ein  Quecksilberdampflampe  fiiroOO-GOU  volt  (Z.f.B.,  March  20) 

Electric  Searchlights  (A.E.G,  Journal,  March). 
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GAS,   OIL,   AND   ACETYLENE    LIGHTING. 

Albreoht  A.    Gasstarklicht  und  Gasstarklicht-Beleuchtung  {Licht  u.  Lampe,  Feb.  15). 
'    '     Prassptas  Oder  Bogenlicht  fiir  Strassenbeleuchtung  (.^./.fi.,  March  13). 

Vom  Wettbewerb  Zwischen  elektrischen  und  Gasstarklicht  {J.f.G.  Masch.,  March  30). 
Ashof  C.    Einfluss  tiefer  temperaturen  auf  Luftgas  (Z.f.B.,  March  20). 
Bohm'  C.  R.    Das  Problem  des  festeu  Gliihkorpers  {J.f.O.,  April  5.) 
Editorial'.    High  Pressure  Gas  and  Flame  Arclamps  in  Manchester  [J.G.L.,  March  11). 
Hodo-kin'  N   B.     High  Pressure  Gas  Distribution  (J.G.L..  March  25). 

Scha1ler,'R.     Ueber  das  Verhalten  von  Gasgliihlichtzylindern  auf  der  Flamme  {J.f.G.,  April  5). 
Riedl,  R.    Neuzeitliche  Kunstformen  und  Wandlungen  [J.f.G.,  March  22). 
Thorp  F.    The  Mixing  of  Gas  and  Air  for  Lighting  and  Heating  (J.G.L.,  April  8). 
Van  Goetham,  J.  C.     The  Manchester  Streetlighting  Tests  {G.W.,  March  22). 
Webb,  W.     Gaslight  in  the  Manufacturing  Plant  (Am.  Gaslight  Journal,  March  10). 

Gas  and  Scientific  Illumination  (Brit.  Co.  Gas  As-^oc  Bull.,  March). 

The  Lights  of  South  London  {J.G.L.,  Jan.  21). 

Fortschritte  auf  dem  Gebiete  derGasziinder  (Z.f.B.,  March  20). 

La  Lampe  a  Petrole  Plaissetty  (Monsieur  de  Vlndrntrie  du  Gaz.,  kc,  March  15). 

Semi-indirect  Gas  Lishting  (J.G.L.,  March  11,  April  1). 

Manchester  Street  Lighting  Experiments  (J.G.L.,  March  11). 

Die  Beleuchtung  von  Seminarbauten  (J.f.G.,  March  1). 

Gas  Lighting  of  a  Bowling  Allev  (Am.  Gaslight  Journal,  March  10). 

The  National  Gas  Exhibition  (J.G.L.,  March  18). 

Simple  and  Effective  Gas  Signs  (J. (?.L.,  April  8). 

High  Pressure  Lamps  for  Advertising  Purposes  (J.G.L.,  Feb.  25). 

Silica  Cups  for  High  Pressure  Lamps  (J.G.L..  Feb.  25). 

Village  Lighting  by  Acetylene  [Acetylene  Lighting  and  Welding  Jour.,  March). 

CONTRACTIONS  OSED. 
E.T. Z.—Elektrotechnische  Zeitschrift. 
G.  W.-Gas  World. 
J.  G.  I  J. — Journal  of  Gaslighting. 
J.  i.  (j.— Journal  fiw  Gas-  und  Wasserversorgung, 
Z.  f.  B. — Zeitsehrift  ftir  Beleuchtungswesen. 


Street  Lighting 

by 

OSRAM 

Drawn     Wire     Lamps 


Baker  Street,  London,  W.,  Illuminated  by  Osrams. 


OSRAM  Lamps  are  now  used  for  this  purpose 
in    over    200    Towns   in    Great    Britain    alone. 
Cheap  first  cost. 
Low  maintenance  expenses. 

No  other  electic  lamp  is  stonger. 


The    General    Electric    Co..     Ltd. 

Head   Office:    67.    Queen    Victoria   Street.    London.     E.G. 
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TRADE    NOTES. 


[At  the  request  of  many  of  our  readers  we  are  extending  the  space  devoted  to  Trade  Notes,  and  are  <  pen  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


The  Kelite  Domestic  Portable  Lamp. 

From  tlie  Kitson  Empire  Lighting  Co., 
Ltd.  (Stamford.  Lincolnshire),  we  liave 
received  particulars  of  the  Kelite  domestic 
lamp,  two  examples  of  which  are  sho\A-n. 
Ihese  lamps  burn  oil  vapoitr  in  conjimc- 
tion  with  an  incandescent  mantle,  and 
are  stated  to  give  100  c.-p.  It  will  be 
observed  that  the  oil  reservoir  occupies 
but  little  space,  and  the  weight,  with  oil. 
in  the  two  cases  is  only  8  and  9  lb. 
resj^ectively. 

In  these  days  of  increased  illumination 
there  is  a  distinct  demand  for  high 
candle-power  portable  lamps,  and  the 
incandescent  oil  system  certainly  deserves 
a,ttention.  It  is  stated  that  a  Kelite 
lamp  will  give  100  c.-p.  for  sixteen  hovu-s 
for  a  cost  of  one  penny  ;  whereas  the 
cost  with  duplex  wick  lamjis  would  be 
quite  four  times  as  much. 


Contracts  for  Tantalum  and  Wotan 
Lamps. 

We  are  informed  that  during  the  last 
few  months  some  very  large  contracts  for 
Wotan  lamps  and  tantalum  traction 
lamps  have  been  filled  by  Messrs.  Siemens 
Bros.  (38  and  39,  Upper  Thames  Street, 
London,  E.G.).  The  whole  of  the  cars 
of  the  Birmingliam  Corporation  tramway 
system  are  to  be  lighted  witli  some  20,000 
tP.ntalum  lamps  diu-ing  the  next  twelve 
months,  upwards  of  30,000  Wotan  lamps 
are  on  order  on  the  South  African  railways, 
and  125,000  filament  lamps  are  to  be  used 
on  the  L.C.C.  tramways.  In  addition 
lamps  are  being  used  at  Luton,  Llanelly. 
Dartford.  Carlisle,  Leamington,  \Volver- 
hampton.  (Yoydon,  War^vick, Nottingham, 
and  Derby.  In  fact,  nine-tenths  of  the 
tramways  of  fJreat  Britain  are  equipped 
with  tantalum  lamps  of  the  traction  ty^je. 


Two  types  of  Kelite  Lamp*. 


The  G.E.C.  'Bulletin,'  No.  5,  'Stage 
and  Theatre  Lighting.' — Theatre  lighting 
has  now  become  a  si^ecial  art,  and  sec- 
tional catalogues  dealing  with  the  subject 
are  distinctly  useful.  The  list  now  issued 
by  the  G.E.C.  contains  everything  that 
is  necessary— stage  arc  lamps,  search- 
lights, bimch  lights,  battens,  lamps  for 
the  orchestra,  metallic  dimmers,  &c. 
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The  "White  Way"  System  of 
Street  Lighting. 

Most  of  us  have  heard  of  the  so-called 
"  White  Way  "  system  of  street  lighting 
prevalent  in  the  United  States.  This 
method,  wo  are  informed,  is  now  being 
developed  by  the  British  Thomson- 
Houston  Co.  in  this  country.  The  figiu"c 
shows  a  ty])ioal  ])ost  of  this  kind.  It  has 
four  arms,  which  support  Mi'^/da  lamps  of 
(50  200  watts  in  All)a  diffusing  globes, 
the  whole  being  sui)])orU'd  by  an  orna- 
mental Ionic  pillar.  'J'his  ornamental 
style  of  lighting  has  found  si)ecial  favour 
in  many  American  citi(>s. 


A  Pedestal  Semi-Indirect  Gas 
Fitting. 

The  illustration  .shows  an  interesting 
form  of  semi-indirect  gas  fitting  intro- 
duced by  Messrs.  W.  Sugg  &  Co.  ((57. 
Regency^  Strei>(.  S.W.).  We  have  pre- 
viously referred  to  scAcral  semi-indirect 
fittings  designed  by  this  firm,  but  the 
]iedi\stal  idea  is  distinctly  novel,  and 
should  be  very  easy  to  apply  in  connexion 
with  gas.  This  fitting  is  specially  fitted 
for  use  at  the  foot  of  stairs,  in  halls,  &c., 
and  can  be  fitted  with  either  one.  two, 
or  three  inverlinl  l)urn(>rs.  The  light  is 
C(>mplet(^ly   screeiunl    from    the   eye. 
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THE 


l)olopbatie  Cumetcr. 


TJie  simple,  portable,  and  accurate  apparatus  for 
measuring  illumination,  surface=brightness,  or  re- 
flecting power. 

Can  be  carried  from  place  to  place  with  the  ease 
of  a  small  hand  camera. 

Dimensions  only  5|''  X  4|"  X  If";  case  and  accumu- 
lator supplied. 

Measurements  from  0*01  to  2000  foot-candles  can 
be  made. 


Showing  general  avpearance  of  new  model  of  Holophane  Lumeter. 
(Dimensions  :  of"  X  -li"  x  If".) 

The  Holophane  Lumeter  is  of  value  not  only  to 
lighting  engineers,  but  to  architects,  medical  officers, 
factory  inspectors,  photographers,  and  many  others. 

Among  the  users  of  this  instrument  mail  be  mentioned : — 

The  House  of  Commons,  The  Home  Office  (Factory  Dept.),  The  London 
County  Council,  General  Post  Office,  Great  Western  Railway,  L.  and  S.W. 
Railway,  Underground  Railways,  The  Gas  Light  &  Coke  Co.,  St.  James  and 
Pall  Mall  Electric  Supply  Co.,  The  Union  Electric  Co.,  The  British  Thomson- 
Houston  Co.,  Sue,  &c. 

For  all  j^if'ftictilavs  apply  to 

H0LOPHANE    LTD. 

12,  Carteret  St.,  Queen  Anne's  Gate,  S.W. 


TRADE   KOTES. 
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B.  T.  H.  Exhibits  at  the  International  Kinematograph  Exhibition. 

(Held  at   Olympia,   March   22-29,    1913.) 


At  the  stall  of  the 
British  Thomson-Hous- 
ton Co.  a  variety  of  in- 
direct and  semi-indirect 
fittings  were  showai. 
There  were  also  sjoecial 
stage  appHances,  such 
as  B.T.H.  "dimmer," 
and  the  "flood"  and 
"  lens  "  stage  arc  lamps. 

Another  novelty  was 
the  exhibition  of  a 
special  concentrated  fila- 
ment Mazda  lamp.  This 
is  made  in  three  sizes 
for  50,  100,  and  200 
watts,  and  in  voltages 
ranging  from  12-100. 
Th(i  filament  is  made 
of  drawn  tungsten  wire, 
wound  in  a  very  narrow 
spiral,  and  bundled 
closely  together  so  as  to 
get  a  very  high  candle- 
power  in  small  compass. 
This  now  lamp  is  ex- 
pected to  be  of  great 
service  in  connexion 
with  motor  head-lights, 
lanterns,  and  cinemato- 
graph projectors,  &c. 
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LIGHT    AND   ILLUMINATION 

Their  Use  and  Misuse 

{^Reprinted f70)n  TiiE  Illuminating  Engineer,  Deccvibcr,  1912. ) 

A    FEW    GENERAL    RECOMMENDATIONS    ON    LIGHTING 

Single   copies  are  available   at  a   cost  of    'id.   each.     Larger  numbers  for 
propaganda  purposes  can  be  obtained  at  reduced  rates. 

Application  should  be  made  to:  — 

The  Illuminating  Engineer, 

32,  Victoria  Street, 

London,  S.W. 


PUBLIC 
LIGHTING 

Fig.  No.  7. 

3-LIGHT   PATENT  INVERTED 
STREET   LAMP. 

This  Lamp  is  of  very  high  candle- 
power,  interchaageable,  made  m 
parts,  having  angle  burners  of  heavy 
cast  yellow  metal  ;  gas  and  air 
adjuster  on  outside  of  lamp,  inner 
cylinders,  round  or  pear  shaped  globes, 
made  for  2  or  3  burners,  bye-pass 
in  head  of  lamp. 


A.  E.  FODMORE 

&.  CO. 

Gas  Lighting  Patentees, 
Engineers    and  Contractors. 

34,  Charles  St.,  Hatton  Garden 

LONDON,  E.C. 

Telegrams:  "Promerope,  Smith,  London." 

Telephone  No.  :  6600  Centrai,. 

A. B.C.    Code,    5th    Edition    used. 
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THE    JOURNAL   OF    SCIENTIFIC 

ILLUMINATION. 

OFFICIAL     ORGAN     OF    THE 

^Huminatino  Bnaineering  Society. 

(Founded  in  London,   1909.) 

ILLVAMNATING  ENGINEERING  PVBLISHING  COMPANY,  LTD. 
Publishing  Offices  :— ATHEN^UM  PRESS    13,  BREAM'S  BUILDINGS.  LONDON.  E.G. 

Tel.  No.  2120  Central. 

Editorial  Offices  :— 32,  VICTORIA  STREET,  LONDON,  S.W. 

Tel.  No.  5215  Victoria. 


EDITORIAL. 


The  Standard  Specification  of  Street  Lighting. 

In  the  present  number  the  discussion  of  Mr.  Trotter's  able 
paper  on  this  subject  is  concluded. 

A  great  diversity  of  views  has  been  expressed,  and  much  in- 
formation collected,  but  most  of  the  points  raised  had  previously 
come  before  the  notice  of  the  Committee  (although,  perhaps,  not 
expressed  in  such  a  detailed  form).  Some  form  of  compromise, 
will  no  doubt  have  to  be  devised  when  the  specification  is  re- 
ferred back  for  reconsideration.  Meantime  there  are  several 
facts  that  we  should  like  to  emphasize.  It  the  first  place  let 
it  be  understood  that  the  specification  should  be,  as  Mr.  Trotter 
remarks,  general  and  not  parochial.  To  be  of  real  value  it  should 
apply  to  towns  all  over  England,  and  even  throughout  the 
world.  It  is  only  reasonable  to  suggest  that  many  previous 
specifications,  although  deservedly  successful  in  particular  dis- 
tricts, have  not  this  general  character,  and  could  not  be  adopted 
wholesale.  Under  the  circumstances  any  specification  that 
meets  with  general  approval  must  be  in  the  nature  of  a  com- 
promise. 
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The  next  point  to  be  observed  is  that  the  specification, 
while  naturally  framed  to  meet  the  present  conditions,  should 
also  be  schemed  out  with  a  view  to  the  future.  Some  scope 
for  ingenuity  on  the  part  of  the  contractor  should,  therefore, 
be  allowed.  We  think  that  this  aspect  has  been  somewhat  over- 
looked by  some  of  the  speakers  in  the  discussion.  It  has  been 
suggested  for  example,  that  the  specification  of  a  minimum  illu- 
mination, of  say,  one-tenth  foot-candle  for  a  certain  class  of 
street  'would  encourage  people  to  arrange  the  lamps  in  such  a 
way  as  to  provide  only  this  value  for  the  entire  street,  and  con- 
sequently to  present  the  consumer  with  a  much  smaller  total  candle- 
power  than  at  present.  Needless  to  say  it  is  at  the  moment 
almost  impossible  to  do  this,  and  in  practice  the  variation  factor 
in  a  street-lighting  is  always  considerable.  This  was  doubtless 
appreciated  by  the  Committee  in  their  classification.  It  is  con- 
ceivable that  in  the  future,  improved  methods  of  shading  and 
more  scientifically  designed  street  reflectors  might  enable  light 
to  be  distributed  much  more  evenly  than  at  the  present  ;  in  this 
case  the  intention  would  surely  be  to  provide  the  same  or  more 
illumination  than  at  present  but  to  make  it  less  patchy.  We  agree 
that  it  might  be  wise  to  adopt  a  somewhat  more  definite  wording 
of  Clause  8  in  the  specification,  providing  for  a  statement  of  the 
polar  curve  of  light  distribution  of  the  lamps  used,  as  well  as 
the  minimum  illumination.  By  some  such  method  we  might 
gain  the  advantage  in  principle  of  specifying  illumination  and 
yet  provide  for  precise  details  as  to  the  performance  of  the 
proposed  illuminants  as  well. 

Another  point  of  which  much  has  been  made  is  the  assump- 
tion that  the  illumination  clause  could  only  apply  to  80  per  cent 
of  existing  streets.  We  cannot  help  thinking  that  the  percentage 
of  illuminated  streets  in  London,  or  in  any  big  provincial  town 
should  work  out  higher  than  this  ;  or  at  least  that  a  very  small 
improvement  would  be  needed  to  bring  such  streets  into  the  A 
(min.  o'oi  foot-candle)  class.  The  specification  is  presumably 
intended  for  towns  and  not  for  small  villages  or  country  roads, 
whirh  form  a  class  by  themselves. 

For  the  moment  we  do  not  desire  to  say  more  on  this  subject. 
The  specification  is  to  be  referred  back  to  the  Committee,  we 
would  only  plead  for  a  maximum  of  toleration  among  those 
interested,  and  the  recognition  that  the  present  specification,  if 
it  contains  some  debatable  clauses,  also  contains  much  on  which 
there  is  already  general  agreement. 
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The  Annual  Congress  of  the  Royal  Institute  of  Public  Health. 

The  Congress  of  the  Royal  Institute  of  Public  Health,  held 
in  Paris  during  Whitsun  week,  was  the  occasion  of  a  number  of 
excellent  papers  being  read  on  general  hygiene.  The  new  section 
dealing  with  industrial  hygiene,  should  be  of  special  interest  to 
our  readers.  This  was  presided  over  by  Sir  Thomas  Oliver,  who 
himself  presented  a  most  suggestive  communication  on  Occu- 
pational Fatigue.  In  the  course  of  this  paper  Sir  Thomas  showed 
how  the  duration  of  life  is  apt  to  be  shortened  by  work  of  a 
harassing  nature,  and  alluded  to  the  strain  imposed  in  the  super- 
vision of  modern  fast  driven  machinery.  The  effects  of  tem- 
perature and  humidity  in  workshops  were  dealt  with  by  Drs. 
Langlois  and  Boulin  respectively. 

It  was  natural  that  illumination  should  receive  some  atten- 
tion in  this  new  section  devoted  to  industrial  hygiene.  A  dis- 
cussion on  '  Lighting  as  a  Health  Factor  in  Occupation  and  its 
Influence  on  the  Prevention  of  Industrial  Accidents,'  was  opened 
by  the  author,  and  Dr.  Broca  discussed  the  hygiene  of  vision, 
with  reference  to  modern  illuminants.  The  writer  took  the  oppor- 
tunity to  summarize  some  of  the  work  done  by  the  Illuminating 
Engineering  Society  in  this  country.  It  was  pointed  out  that 
measurements  of  illumination  have  become  quite  practical  and 
trustworthy.  As  an  illustration  the  author  exhibited  a  British 
instrument  side  by  side  with  the  photometer  devised  by  Prof. 
Blondel,  and  it  was  shown  that  the  results  obtained  with  both 
forms  of  apparatus  were  in  substantial  agreement. 

Among  other  papers  of  this  section,  we  should  like  to  make 
specific  reference  to  those  of  Dr.  S.  M.  Murray  and  Mr.  Aubrun, 
who  pointed  out  the  close  connexion  between  nystagmus  in  mines 
and  deficiency  of  illumination  or  surface  brightness.  The  papers 
dealing  with  illumination  were  very  well  received,  and  there  is 
no  doubt  that  the  justice  of  our  claims  in  this  respect  invariably 
made  a  deep  impression. 

Such  Congresses  as  this  may  achieve  excellent  results,  if 
judiciously  guided.  The  social  intercourse  they  render  possible 
is  a  very  important  factor,  perhaps  even  more  so  than  the  actual 
papers.  The  hospitahty  and  characteristic  charm  of  our  friends 
in  France  were  exerted  to  the  full,  and  everything  possible  done 
for  the  enjoyment  of  the  visitors.  We  feel  sure  that  the  British 
members  will  carry  away  pleasant  recollections  of  their  visit. 
But  in  order  to  render  these  gatherings  a  success  it  is  essential 
that  the  visitors  should  study  the  susceptibilities  of  their  hosts, 
They  should  be  specially  careful  to  avoid  anything  in  the  nature  of 
"showing  off."  A  demonstration  that  may  appear  natural  and 
dignified  at  home,  may  easily  border  on  the  ridiculous  abroad. 
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These  are  points  that    Organizing  Committees  should    bear  in 
mind  at  future  Congresses. 

The  Prevention  of  Industrial  Accidents. 

We  observe  in  a  recent  number  of  The  Times  Engineering 
Supplement,  a.  most  interesting  account  of  the  methods  now 
adopted  by  a  number  of  the  great  American  companies,  with  a 
view  to  the  prevention  of  industrial  accidents.  For  example, 
the  United  States  Steel  Corporation  has  appointed  a  permanent 
Central  Safety  Committee,  which  holds  quarterly  meetings 
and  makes  thorough  inspection  of  the  plants  of  the  subsidiary 
companies.  There  are  also  local  Safety  Committees  in  different 
parts  of  the  country  on  which  the  workmen  of  the  firm  are  strongly 
represented.  It  is  satisfactory  to  learn  that  the  workpeople 
themselves  have  taken  this  matter  up  very  keenly,  recognizing 
that  the  work  of  the  committee  is  primarily  for  their  benefit,  and 
are  often  responsible  for  valuable  practical  suggestions. 

The  writer  of  this  article  in  The  Times  states  that  as  a  result 
of  sixteen  months'  work  on  the  Chicago  and  North-Western 
Railway,  there  has  been  a  decrease  of  31 '5  in  the  number  of 
employees  killed,  and  32*2  per  cent  in  the  number  of  employees 
injured.  There  has  also  been  a  substantial  decrease  of  the 
number  of  passengers  killed  and  injured.  V\e  understand  that 
the  idea  of  Safety  Committees  is  being  taken  up  by  quite  a 
number  of  companies  in  the  States. 

We  should  hke  to  point  out  the  great  possibilities  of 
voluntary  work  of  this  kind,  accomplishing  as  it  does  much  that 
cannot  readily  be  done  through  official  government  supervision. 

For  example,  it  is  only  in  exceptional  circumstances,  e.g., 
when  there  is  a  legal  dispute  or  loss  of  life,  or  a  serious  case,  that 
factory  inspectors  make  a  systematic  inquiry  into  the  causes  of 
an  accident.  Many  mishaps  of  a  not  very  serious  nature  are  not 
inspected.  It  would  be  an  excellent  plan  for  the  Safety  Com- 
mittees to  undertake  the  systematic  classification  of  accidents. 
If  this  were  done  much  useful  information  would  be  elicited  as 
to  the  part  played  by  defective  lighting  in  causing  mishaps,  and 
we  should  soon  discover  the  conditions  responsible. 

The  American  Museum  of  Safety  in  New  York  has  now  a 
special  section  dealing  with  lighting,  and  the  writer,  during  a  recent 
visit  to  the  States  was  given  to  understand  that  more  will  be  done 
in  this  respect  shortly.  When  the  Safety  Museum  is  arranged  in 
this  country  we  hope  that  a  special  section,  showing  the 
connexion  between  good  lighting  and  the  prevention  of  accidents, 
will  be  established. 

Leon  Gaster. 
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TECHNICAL    SECTION. 

The  Editor  while  not  soliciting  contributions,  is  willing  to  consider  the  publication 
of  original  articles  submitted  to  him,  or  letters  intended  for  inclusion  in  the 
co'rrespondence  colwmns  of '  The  Illuminating  U7igineer.' 

The  Editor  does   not  necessarily  identify   himself  with  the  opinions  expressed 
hy  his  contributors. 

A  Night  Golf  Putting  Course. 

By  T.  J.  LiTLE,  JuN. 


Last  year  an  article  was  published 
describing  the  layout  of  the  lighting 
of  the  Tennis  Courts  at  the  Woodbury 
Country  Club,  Woodbury,  New  Jersey, 

u.s.a/ 

This  installation  proved  so  popular 
that  it  occurred  to  the  waiter  that  it 
would  be  a  good  scheme  to  extend  this 
field  of  artificial  illumination  to  include 
the  lighting  of  a  golf  putting  course. 
Such  courses  have  been  in  vogue  for 
some  time,  but  hitherto  their  usefulness 
has  been  limited  to  the  daylight  hours. 


the  course  at  the  same  time,  and  putting 
by  night  has  already  proved  to  be  an 
extremely  novel  and  popular  recrea- 
tion. A  night  tournament  has  recently 
been  played. 

The  installation  of  the  lamps  is  com- 
paratively simple.  Two  wrought  iron 
posts  made  of  2  J  in.  iron  pipe  as  shown 
by  diagram  are  used  and  two  lamps 
are  suspended  from  the  ends  of  a  long 
cross  arm  on  the  top  of  tlie  posts. 

Four  5 -mantle  Welsbach  Multi-Flex 

Inverted  gas   arcs  are  required  to  light 

the  course.      To   reduce   glare 

oiJaline    globes  were    used   on 

the  lamps. 

A  fairly  uniform  distribution 
of  light  over  the  course  is  de- 
sirable, the  principal  requisite 
being  to  have  the  nine  holes 
uniformly  lighted.  This  was 
accomplished  by  spacing  the 
holes  so  that  tlie^^  were  not 
more   than  10  ft.   horizontally 

Fig.  l.-Diagram  of  Gas  Piping  for  Night  Golf  Uluminatiou  '^^'^r*,  *'°"^  *^^^  ^^'"'V^-     ,      .," 
using  5  It.  Welsbach  Multiflex  Gas  Arcs.  I  he  lamps  are  equipped  with 

standard  distributing  reflectors. 


The  course  is  laid  out  on  a  plot  of 
ground  40  by  80ft.  as  sho^n  in  the 
accompanying  diagrams,  and  contains 
nine  holes.  The  grass  is  trimmed 
closely  as  on  a  putting  green.  Tlie 
courses  were  originally  intended  for 
practising  putting,  but  are  now  being 
used  extensively  for  matches. 

The  advantages  of  night-play  on 
such  courses  is  evident.  Artificial  light 
makes  it  possible  for  business  men 
and  others  who  have  not  sufficient 
time  at  their  disposal  during  the  day 
to  practice  putting  at  night. 

The  area  to  be  illuminated  is 
comparatively  small.  It  is,  however, 
possible    for    twelve    persons    to    use 


spreading  the  fight  over  an  area  con- 
siderably greater  than  the  putting  green, 
for  it  was  found  that  the  players  not 
only  desired  to  play  on  the  course  itself, 
but  to  a])proach  \\\\\\  a  mashie,  and 
it  is  possible  to  do  this  at  a  distance 
of  at  least  100  ft. 

The  intensity  at  various  holes  is 
approximately  21  foot-candles.  The 
holes  are  painted  MJiite  inside  to 
make  them  easily  visible  from  any 
part  of  the  course.  The  iUumination 
provided  is  considerably  liiglier  than 
that  usual  on  the  floor  of  an  ordinary 
house  at  night,  and  is  remarkably 
uniform.  The  photograph  shoA\n  in 
Fig.  3  was  taken   by  the  light  of  the 
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lamps    alone    on    a    dark    night,    the 
exposure  being  Ih  minutes. 

It  will  be  noted  that  the  golf  ball, 
which  is  white,  is  clearly  distinguishable 
in  the  picture.  Fortunately,  from  the 
illumination  standpoint,  there  is  a 
good  contrast  between  the  white  golf 
ball  and  the  grass.  The  writer  has 
been  able  to  distinguish  the  ball  easily 
on  this  green  at  a  distance  of  200  ft. 
from  the  course. 

The  day  photograph  (Fig.  2)  shows  the 
scheme  of  installation.  The  posts  are 
painted  white  to  match  the  gas  arcs, 
which  are  finished  in  white  enamel 
steel,  ornamented  with  gold  bands.  In 
this  photograph  it  will  be  noticed  the 
gas  lighted  tennis  courts  are  shown  in 
the  background.     Night  tennis  proved 


quite  an  attraction  last  year  at  the 
club.  The  courts  were  crowded  every 
clear  evening,  and  there  Avas  always  a 
number  of  players  on  the  '"  waiting 
Ust."  Business  men  who  had  not 
played  tennis  for  several  years  because 
of  insufficient  time  played  there  last 
year  at  night.  It  is  interesting  to  note 
that  during  the  past  winter,  there  was 
a  very  severe  wind  storm  in  this  locality 
which  uprooted  a  number  of  large 
trees  but  did  not  bend  ony  of  the  poles. 

The  cost  of  lighting  this  golf  putting 
course  is  7^-  cents  per  hour  for  the  gas 
consumed  for  the  entire  four  lamps, 
each  lamp  consuming  from  18  to  20 
cubic  ft.  of  gas  per  hour,  the  cost  of 
gas  in  Woodbury  being  90  cents  per 
thousand  cubic  ft. 


Electric  Lighting :    Cost  in  1896  and  1912  Compared. 


The    diagram   below,    extracted    from  1^^^^  demand  has  been  steadily  on  the 

j-i       A  vri     T  1  £      r^  X  1,        i  m  .t  uicrcase.     1  he  metal  filament  lamp  has 

the  A.E.G.  Jourrml  for  October,  1912,  .^^dered  it  within  the  reach  of  every 

shows    very    clearly    the    remarkable  qj^q 


1890/98 
Coit  per  KW  hour     60  Pf. 


1899/1903 
SS  Pf. 


1904/1912 
40  Pf. 


Cdrb.in  Fild 


200  M 


Nemst  Lamps 


MeUl  Wire 
Lamp, 


19:2'1903 

Fifl.l 


reduction  in  cost  of  electric  fighting 
within  the  last  few  years.  Until  the 
introduction  of  the  Nernst  lamp  in  1900 
electric  lighting  was  a  luxury,  since  then 


According  to  this  table  the  cost  of 
fighting  has  been  reduced  from  220  to 
40  marks,  i.e.,  to  less  than  one-fifth  of 
that  prevaifing  in  1896 ! 
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Fig.  2.— View  of  putting  green  by  daylight. 


Fig.  :^.— View  of  putting  green  tnken  by  gaslight. 
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Fig.  4. —Plan  of  green  showing  piping  arrangements. 
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Illumination :  A  Field  for  the  Optometrist.* 

By  Howard  D.  MiNcnm,  Ph.D.,  Rochester,  N.Y.,   Professor  of  Physics,    the 

University  of  Rochester, 


The  rapid  growth  of  our  cities,  the 
phenomenal  development  of  our  great 
factories,  and  the  enormous  increase  in 
the  amount  of  work  done  by  machin- 
ery are  steps  in  our  civilization  that 
have  brought  to  us  the  important 
problem  of  artificial  illumination. 

The  magnitude  of  the  problem  is 
evidenced  by  the  fact  that  it  has  given 
rise  to  a  special  branch  of  engineering, 
namely,  that  of  illuminating  engineering. 

The  illuminating  engineer  is  a  pro- 
duct of  the  demands  made  upon  the 
human  eye  by  our  modern  methods. 
He  has  done  his  work  so  well  that  there 
is  no  longer  any  doubt  regarding  his 
permanency  with  us.  His  problem 
is  a  new  phase  of  the  engineering  field, 
and  it  is  no  easy  one.  It  is  confined 
within  no  narrow  limits. 

The  principles  of  illumination  are 
based  upon  vision  and  the  distribution 
of  fight.  The  problem  of  artificial 
illumination  comprises  the  considera- 
tion of  (I)  the  source  of  fight,  that 
is,  the  illuminant ;  (2)  the  flux  of 
fight  issuing  from  the  illuminant ; 
(3)  the  distribution  of  the  light  flux 
in  space,  that  is,  the  fight  flux  density, 
and  particularly  the  light  flux  density 
at  the  illuminated  object ;  (4)  the 
illumination,  that  is,  the  light  flux 
density  reflected  by  the  illuminated 
object  and  the  effect  produced  upon 
the  eye. 

In  (4)  we  get  into  physiology  and 
away  from  physics,  and  our  knowledge 
is  much  more  limited  than  it  is  in 
physical  science. 

Illuminating  engineering  embraces  a 
field  that  involves  in  a  high  degree  two 
different  sciences — physics  and  physio- 
logy. 

The  light  flux  entering  the  eye  is 
varied  in  its  physical  quantity  by  the 


reaction  of  the  eye  on  the  light  entering 
it,  that  is,  the  eye,  by  the  contracting  or 
expanding  of  the  pupil,  controls  within 
limits  the  amount  of  light  entering. 

The  effect  of  the  fight  flux  entering 
the  eye  depends  upon  the  fatigue  of 
the  eye,  and  also  upon  the  colour  of 
the  light. 

Comfortable  acute  vision  requires 
abundant  illumination  of  the  proper 
quafity,  distribution,  and  direction. 

The  illuminating  engineer  has  much 
more  to  do  than  furnish  the  proper 
light  flux.  His  problem  is  much 
greater  than  the  mere  filling  of  a  given 
space  with  a  given  amount  of  light. 
Often  we  find  illumination  which  seems 
to  be  quite  unsatisfactory,  trying  to 
the  eyes,  and  uncomfortable  when  the 
density  and  the  distribution  of  the 
fight  flux  seems  satisfactory.  This  is 
due  to  the  fact  that  some  fundamental 
physiological  requirement  is  violated. 

The  illuminating  engineer  must  con- 
sider the  physiological  effects.  The 
principal  ones  being  contraction  of 
the  pupil  of  the  eye.  Points  of  high 
brilfiancy  in  the  field  of  vision  are  a 
waste  of  light  flux,  and  result  in  dis- 
comfort to  the  eye.  The  eye  should 
not  be  exposed  to  direct  rays  of  a  light 
of  high  intensity,  such  as,  say,  the 
fight  of  the  tungsten  filament  or  the 
arc  fight.  Cutting  down  the  light 
flux  of  the  illuminant  often  increases 
the  light  flux  entering  the  eye. 
Fatigue  is  another  physiological  effect 
to  be  reckoned  with.  Sensitivity  of 
vision  enables  us  to  see  equally  well 
with  illumination  varying  in  intensity 
from  one  to  10,000.  Both  the  above 
effects  are  similar  in  action.  They 
both  reduce  the  physiological  effect  for 
high  intensity.  The  first  one  works 
more  rapidly  than  the  second. 


Reproduced  from  The  Optical  Journal,  New  York. 
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The  eye  fatigues  when  working  con- 
stantly in  a  room  of  high  uniform 
illumination.  It  seems  better  to  have 
the  room  not  uniformly  illuminated. 
Have  high  illumination  where  it  is 
needed,  and  have  the  illumination  low 
where  it  is  possible. 

Fatigue  at  high  intensity  occurs  far 
more  with  yellow  and  orange  lights 
than  with  white,  and  it  occurs  very 
little  Avith  green  and  bluish-green. 

Irritating  effects  of  fatigue  are  most 
felt  in  artificial  illumination,  because  of 
the  preponderance  of  the  yellow  and 
orange  rays. 

The  next  physiological  effect  to  be 
noted  is  that  of  differences.  The  use  of 
shadows  in  illuminating  requires  a 
directed  light.  Diffused  light  will  not 
produce  shadows.  A  perfectly  diffused 
illumination  is  then  unsatisfactory. 
and  a  directed  light  is  also  unsatis- 
factory. It  suffices,  if  there  is  suffi- 
cient directed  light,  to  mark  the  edge 
of  the  objects,  and  thus  enal)le  the  eye 
to  distinguish  more  clearly.  In  a 
drafting-room,  where  shadows  are  ob- 
jectionable, a  perfectly  diffused  light 
is  required. 

Diffused  illumination  and  no  sliadow.j 
is  bad  for  flour  mills  or  for  foundries. 
Here  all  the  objects  tend  to  have  the 
same  colour,  and  there  is  no  contrast. 

The  maximum  of  the  sensitivity  of 
the  eye  shifts  with  decreasing  illu- 
mination from  the  yellow  to  bluish- 
green,  and  wliere  a  low  intensity  is 
used,  as  in  street  ligliting,  a  source  of 
light  rich  in  the  shorter  wave  lengths  ; 
that  is,  a  white  liglit  source  is  superior 
in  its  physiological  illuminating  value 
to  a  yellow  light  source. 

Some  of  the  problems  presented 
by  artificial  illumination  are  :  (1) 
What  is  the  standard  by  whicli  we 
are  to  test  the  quality  of  the  artificial 
illumination  ?  (2)  What  is  the  best 
illumination  for  a  given  work  ?  (3) 
How  can  this  illumination  be  produced 
in  quality  ?  (4)  How  can  the  proper 
distril'ution  be  effected  ?  (5)  What 
illuminant  is  to  be  used  for  any  given 
condition  ? 

The  effect  of  the  intensity  of  illu- 
mination upon  the  sensitivity  of  the 


eye  is  very  important,  as  it  determines 
the  colour  shades  most  effective  for 
any  particular  purpose. 

Sensitivity  to  contrast  is  another 
factor  that  comes  into  our  problem. 
Visual  acuity  largely  depends  upon 
contrasts  in  luminosity.  Unsteadiness 
of  illumination  is  one  of  the  great 
sources  of  eye  trouble.  Another  source 
of  many  disorders  is  the  excessive 
amount  of  the  shorter  wave  lengths 
that  is  present  in  some  of  the  artificial 
illuminants. 

These  problems  and  conditions  of 
artificial  illumination  involve  considera- 
tions that  are  hygienic,  sesthetic,  phj^sio- 
logical,  psychological,  and  physical. 
There  are  problems  for  the  architect, 
for  the  illuminating  engineer,  for  the 
doctor,  for  the  physicist,  and  for  the 
optometrist.  Problems  for  any  and 
all  interested  in  vision  and  its  conserva- 
tion and  relief. 

In  this  paper  it  is  my  one  desire  to 
emphasize  the  urgent  call  that  artificial 
illumination,  A\'ith  its  problems,  is 
making  upon  the  optometrist. 

The  problems  are  not  to  be  solved 
by  any  one  group  of  the  above-named 
groups.  If  they  are  ever  solved  it 
will  be  by  the  co-operation  of  all  the 
groups.  The  eye  specialist  must  con- 
tribute his  share,  or  the  results  will  be 
just  so  much  the  weaker,  and  he  will 
be  just  so  much  the  weaker,  because 
he  did  not  cultivate  his  opportunity. 

I  do  not  Avisli  to  increase  the  load 
that  any  one  must  carry,  but  I  am 
interested  in  having  the  optometrist 
face  his  responsibility,  and  in  that 
responsibility  find  his  splendid  oppor- 
tunity. I  fully  appreciate  the  vast 
field  of  knowledge  a  man  must  face, 
and  I  know  that  one  cannot  be  well 
equipped  in  all  lines  of  work.  I  do 
not,  on  the  other  hand,  desire  to  see  a 
man  become  so  much  of  a  specialist 
that  he  really  hampers  his  efficiency 
for  greater  Avork  by  having  a  little 
skill  in  a  smaller  field.  I  advocate, 
rather,  a  skilled  equipment  in  some  one 
chosen  field,  and  then  enough  informa- 
tion concerning  related  subjects  to  add 
to  his  efficiency  in  his  one  line. 

Such  a  field  as  illumination  surely 
deserves  a  place  in  the  curriculum  of 
the  eye  specialist. 
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The  Lighting  of  Bethnal  Green  Museum. 

By  An  Engineering  Correspondent. 


On  the  way  to  the  Bethnal  Green 
INIuseum,  in  the  niontli  of  May  in  this 
year  of  grace  1912.  a  man  passed  by 
riding  one  of  the  old  liigh  "  ordinary  " 
bicycles,  ordinarj^  no  longer — ^indeed 
most  extraordinarjr  any  time  this  last 
twelve  years.  A  portent,  truly,  of 
other  snr\avals,  relics  of  an  okl-time 
idea  of  hghting,  to  be  seen  ^vdthin. 

The  Museum  at  Bethnal  Green  is  an 
off-shoot  of  the  Victoria  and  Albert 
Museum  at  South  Kensington,  and, 
like  it,  has  for  many  j^ears  been  under 
the  control  of  the  Board  of  Education. 
The  ver}'  structure  was  once  a  part  of 
the  parent  building,  the  iron  and 
brick,  before  thej^  went  eastward  forty 
years  ago,  having  been  known  to  the 
London  of  that  day  as  the  "  Brompton 
boilers.''  With  the  building  went  the 
gas  lighting — ^tlie  brilhant  illuminations 
of  the  early  exhibitions — and  the 
apparatus  of  this  is  still  in  po.sition, 
long  bars  and  large  pendant  rings  mtli 
burners  every  two  or  three  inches  to 
give  the  long  hnes  of  flaring  jets  such  as 
still  flicker  and  flame  outside  many  a 
pro\dncial  butcher's  shop. 

But,  though  these  lights  are  no 
longer  in  use,  much  of  the  existing 
sj^stem  must  have  attained  its  majority 
years  ago,  and  have  earned  an  honour- 
able retirement  which  seems  slow  in 
coming. 

The  "  well,"  or  centre  portion  of  the 
ground  floor,  which  is  first  entered, 
is  170  ft.  long  by  40  ft.  wide,  and  is 
open  to  the  louvred  roof.  The  day 
hghting  is  good,  and  at  night  this  is 
adequately  replaced  by  a  central  row 
of  four  7 1  ampere  open- type  arc  lamps, 
at  a  height  of  about  19  ft.,  aided  by 
one  self-intensifjang  gas  lamp  Avliich 
has  apparently  supplanted  a  fifth  arc 
in  the  middle  of  the  row.  Some  little 
additional  light  is  also  received  from 
the  sides  of  the  well  from  the  lamps 
in  the  upper  galleries.     The  arcs  hang 


on  counter-weights  to  admit  of  easy 
trimming,  and  the  firing  to  them  is 
carried  on  insulators  fixed  to  the  tie- 
rods  of  the  roof. 

By  ascending  a  few  steps  the  lower  of 
the  side  galleries  is  reached.  Here  many 
of  the  smaller  exhibits  are  arranged 
— foodstuffs  and  human  hair,  stuffed 
birds  and  leather  shoes,  and  other 
things  as  varied.  For  the  most  part 
they  are  in  6  ft.  glass  cases,  but  with 
cases  of  the  desk  tj^pe  round  the  sides. 
By  day  the  light  is  obtained  from 
AAindows  in  the  outer  wall  on  the  one 
side,  and  from  the  roof  above  the  well 
on  the  other.  As  the  gallery  on  either 
side  is  over  40  ft.  %\ide,  with  a  ceiling 
only  about  14  ft.  high,  it  is  not  to  be 
wondered  at  that  the  centre  is  anything 
but  -well  lighted  in  the  daytime.  The 
upper  gallery  (which  forms  the  ceiling 
of  this  floor)  is  carried  on  two  lines  of 
iron  columns,  which  divide  the  width 
into  three  equal  spaces,  and  the  artificial 
illumination  is  provided  by  a  three- 
light  bracket  fixed  on  each  of  these 
columns  at  a  height  of  8  ft.  There  are 
twelve  of  these  columns  in  each  row, 
and  there  are  in  addition  3  two-light 
brackets  on  the  end  wall. 

The  lamps  used  in  these  brackets 
are  still  carbon  filament  ones,  and  the 
lamp-hoMers  in  use  are  a  proof  of  the 
antiquitj^  of  the  installation,  for  they 
are  of  the  hook-and-spring  type,  with 
brass  side-terminals  for  connecting — 
a  tjrpe  probably  unknown  to  the  present 
generation  of  wiremen,  although  appa- 
rently lamps  for  use  in  them  are  still 
on  the  market.  The  wires  are  brought 
up  through  the  floor  from  two  cut-outs 
in  the  basement,  and  turn  into  the 
holloAV  column  from  which  they  enter 
the  tubing  of  the  fitting  ;  they  are  then 
brought  out  through  holes  in  the  brass 
near  the  holders  to  be  connected  to  the 
side-terminals.  The  centre  point  on 
each  three-fight  bracket  has  now  been 
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fitted  with  a  bayonet  lampholder — per- 
haps the  beginning  of  the  end. 

The  cases  in  the  immediate  neigh- 
bourhood of  each  bracket  are  only 
fairly  well  lighted,  but  those  along 
each  side  (generally  those  seen  best 
in  the  daytime)  are  very  poorly  pro- 
vided for,  if,  indeed,  it  can  be  con- 
sidered a  provision  at  all. 

Whatever  may  have  been  thought 
of  it  when  the  installation  was  first 
fitted  up,  the  lighting  in  this  part  (an 
allowance  of  one  16  candle-power 
lamp  for  about  each  90  scjuare  feet  of 
floor  space)  by  no  means  comes  up  to 
modern  requirements  ;  nor  would  the 
substitution  of  metal  filament  lamps 
of  equal  wattage  meet  the  difficulty 
without  a  considerable  rearrangement 
or  increase  of  lighting  points. 

Two  or  three  cases  under  the  wall- 
brackets  at  the  end  are  well  provided 
for,  but  the  narrower  cross  portion 
connecting  the  northern  with  the 
southern  side-galleries  at  their  eastern 
ends  is  very  dim  and  shadowy. 

Ascending  to  the  upper  gallery  the 
collection  of  pictures,  porcelain,  and 
furnitui'e  is  reached.  There  are  no 
side  windows  on  this  floor,  the  day- 
liglit  being  obtained  from  the  roof 
and  the  end  windows — the  lower  parts 
of  the  latter  being  utilized  for  the 
display  of  a  little  stained  glass  (which, 
however,  has  not  been  arranged  for 
artificial  lighting  like  the  Pierpont- 
Morgan  specimens  at  South  Kensing- 
ton). The  general  illumination,  both 
by  day  and  night,  is  very  satisfactory, 
except  that,  in  the  latter  case,  there  are 
occasional  dark  sides  to  cases  or  a 
shadow  of  the  heavy  top  framing  of  a 
case  on  the  statue  it  contains.  Taking 
the  galleries  on  the  north  and  south 
sides  together,  and  adding  the  con- 
necting galleries  at  either  end,  there 
is  a  total  floor-space  of  about  17, COO 
square  feet,  and  this  is  served  by  twenty 
7i  ampere  open-type  arc  lamps  at  a 
height  of  13  ft.  This  is  a  consmnption 
of  just  about  half  a  watt  per  square 
foot,  but  a  little  assistance  has  been 
obtained  from  gas  lights  at  three  or 
four  weak  points. 

One  or  two  special  exhibits  are  also 
lighted  independently,  as,  for  ('>:ami)l(', 
a    room    in  a   Japanese    house,   -wliicli 


receives  light  from  two  15  in.  squares  in 
the  ceiling  covered  with  muslin,  behind 
which  incandescent  electric  lamps  are 
placed.  A  room  from  a  house  in 
Damascus  has  a  lamp  in  its  Oriental 
hanging  lantern,  but,  as  this  would  be 
insufficient  for  occidentals  to  study 
the  details  of  the  room  by,  further  lights 
have  been  added  concealed  from  the 
student's  eye. 

A  much  less  satisfactory  state  of 
affairs  exists  in  the  basement.  The 
centre  block  is  occupied  by  offices 
and  stores  ;  the  exhibition  galleries 
around  these  varj^  in  width  from  l-t  ft. 
to  40ft.,  Avith  a  ceiling  only  lift. 
high.  The  day  lighting,  especially  on 
the  northern  side,  is  so  bad  that 
assistance  is  required  from  sundry 
incandescent  gas  brackets  and  a  few 
electric  pendants  over  one  or  Uvo 
side  cases  all  day  long. 

The  northern  gallery,  Avhich  has  a 
more  or  less  uniform  width  of  30  ft., 
contains  bulky  objects  and  cases  of 
textile  fabrics  and  furniture,  reaching 
almost  to  the  ceiling  in  some  cases, 
and  at  the  eastern  end  bronzes  and  other 
dark  nietal-Avork.  The  illumination, 
therefore,  Avas  a  difficult  matter  to  deal 
AA-ith  economicallv,  and  the  only  effi- 
cient treatment  Avould  ha\^e  been  by 
a  considerable  number  of  fair-sized 
points  or  by  strong  inverted  fighting. 
H.M.  Board  of  Education  seems  to 
ha\"e  thought  otherAvise,  for  they  haA-e 
instal'ed  a  line  of  thirteen  300  c.-p. 
self-intensifying  gas  lamps  at  9  ft. 
from  the  floor.  Had  the  ceiling  been 
double  the  height  it  is,  so  that  the 
lamps  couM  haA^e  been  hung  at  a 
fair  height,  such  a  method  might  have 
been  permissil)le,  b\it  they  are  noAV 
often  shut  in  by  exhibits  and  are 
unable  to  spread  their  fight  evenly. 
The  ends  of  most  of  the  cases  furthest 
from  tlie  windoAvs  are  certainly  better 
lighted  by  night  than  day,  but  the 
direction  of  lighting  on  the  statuettes, 
&c.,  is  directly  reversed. 

A  big  spring-cleaning  and  repainting 
of  the  Avhole  nniseum  Avas  recently 
carried  out,  nnd  it  seemed  a  i)ity  that  no 
advantage  Avas  then  taken  of  the  oppor- 
tunity to  bring  the  lighting  up  to  date. 
Perhaps  its  position  in  the  East-End 
makes  the  ofiicials  regard  it  as  a  sort 
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of  Cinderella,  content  to  put  up  Avith 
anything  it  can  get.  In  proportion 
to  its  size  it  is  much  better  patronized 
by  the  public  in  the  evenings  than  the 
great  blocks  of  buildings  at  South 
Kensington,  due  largely,  no  doubt, 
to  its  being  situated  right  amongst 
the  dwellings  of  the  j)eople  (and  pre- 
senting a  marked  contrast  to  those 
dAA'cUings  in  spaciousness  and  warmth 
and  even  light),  instead  of  standing 
in  a  district  sparsely  inhabited  by  the 


wealthy  class.  For,  although  South 
Kensington  is  easily  "  getatable,"  it  is 
not  within  walking  distance  of  a  very 
large  population,  and  there  are  thou- 
sands Avho,  though  interested  in  works 
of  art  and  science,  can  ill  afford  any 
unnecessary  sixpann}'  return  fares — 
esp3cially  when,  as  the  sa\ang  is,. 
"  every  penny  cake  costs  twopence," 
or  twopence  plus  an  indefinite  number 
of  halfpennies. 


Forthcoming    Congress     of    the     International     Petroleum 

Committee. 


The  third  meeting  of  the  International 
Petroleum  Committee  is  to  take  place 
in  Bucharest  from  October  12th  to^20th 
next,  under  the  patronage  of  the  Rou- 
manian Government.  Besides  the  mem- 
bers of  the  International  Committees, 
various  scientific  institutions  and  cor- 
porations have  been  invited  to  be 
present.  Among  the  points  to  be  dis- 
cussed are  the  anal3^tical  study  and 
nomenclature  of  petroleum  products, 
storage  and  transport. 


Another  proposal  of  considerable 
interest  is  that  an  International  Insti- 
tute of  Petroleum  should  be  founded 
in  Bucharest.  This  suggestion  will  be 
brought  forward  at  the  coming  Con- 
gress. It  is  intended  to  make  this 
Institution  an  international  centre  of 
information  and  research  for  the  benefit 
of  scientists  from  foreign  countries  and 
all  those  interested  in  the  petroleum 
inclustrv. 


New  Members  of  the  Society. 

The  names  of  the  applicants  for  memborship.  read  out  at  the  previous  meeting  on 
Ajjril  15th,  have  now  been  formally  announced  for  the  second  time,  and  these  gentle- 
men were  declared  Members  of  the  Ilkuninating  Engineering  Society.  In  addition, 
the  names  of  the  following  gentlemen  have  been  duly  suljmitted  and  approved  by 
the  Coimeil,  and  were  read  out  by  the  Hon.  Secretary  at  the  meeting  of  the  Society 
on  April  29th  :— 

Honorary  Members — 

Warburg,  Prof.  Dr.  Director  of  the  Technische  Physikalische  Reichsanstalt, 
Charlottenburg,  Berlin. 
In  recognition  of  distinguished  services  as  Director  of  the  Reichsanstalt  and  as  the 
First  President  of  the  German  Illimiinating  Engineering  Society. 

Whitelegge,  Sir  H.]\L    Chief   Inspector   of   Factories,    WTiitehall,    Lon- 

Arthur,  K.C.B.  don,  S.W. 

In  recognition  of  valuable  services  in  promoting  the  study  of  industrial  illumination. 
Corresponding  Member — 

liiebenthal,  Dr.  E.     Technische    Phj-sikahsche    Reichsanstalt,    C'harlotten- 
bm'g,  Berlin. 
Ordinary  Members — 


Berridge,  T., 

A.M.I.C.E. 
Eisenmenger,  H. 


Engineer,  The  Gas  Works,  Leamington  Spa. 
Nela  Buildings,  East  Cleveland,  Ohio,  L^.S.A. 


THE   ILLUMINATING   ENGINEER. 


307 


TRANSACTIONS 

OF 

CI)e  KUuminatincj:  ^iiginetiincj;  ^ociet{>. 

(Founded  in  London.   1909.) 

7'Ae  Illuminating  Engineering  Society  is  not,  as  a  hochj,  responsible  for  the  ojnnions 
expressed  by  individual  authors  or  speakers. 

Standard   Clauses  for  Inclusion  in  a  Specification  of  Street 
Lighting. — By  A.  P.  Trotter, 

ADJOURNED  DISCUSSION  at  the  Meeting  of  the  Society  on  Tuesday,  April  2dth. 

[This  ]Daper  was  presented  at  a  Meeting  of  the  Society,  held  at  the  House 
of  the  Royal  Society  of  Ai'ts,  on  April  loth,  a  special  invitation  being  issued  to 
Members  of  the  Institution  of  Electrical  Engineers,  Institution  of  Gas  Engineers, 
and  Iiastitution  of  IMunicipal  and  County  Engmeers  to  take  part  in  the  pro- 
ceedings. The  Discussion  was  resumed  at  a  second  meeting  on  Tuesday, 
Ajiril  29th.] 


Mr.  F.  W.  Goodenough  said  that,  as 
the  object  of  the  meeting  was  to  en- 
deavour to  arrive  at  a  practical  result, 
those  who  had  criticisms  to  make  on 
this  specification  could  most  usefully 
make  them  early  in  the  discussion 
rather  than  later,  so  that  subsequent 
speakers  could  reply  to  or  discuss 
any  of  the  points  that  were  raised ; 
and  as  he  himself  happened  to  be 
one  of  those  who  had  criticisms  to 
make  of  the  specification,  it  might  be 
useful  if  he  made  them  at  once.  In 
doing  so  lie  spoke,  not  as  Chairman 
of  the  meeting,  but  as  one  interested  in 
street  ligliting  who  desired  to  give  his 
views  on  the  specification.  It  appeared 
to  him  that  tlie  rec^uirements  for  a 
specification  on  which  to  invite  tenders 
for  street  lighting  were  as  follows  : — 

1.  It  ought  to  be  fi-amed  on  a  basis 
easil}^  comprehensible  by  members  of 
local  authorities. 

2.  It  should,  if  possible,  liave  as  a 
standard  something  with  wliicli   ""  the 


man  in  the  street  "  is  familiar  and  can 
understand. 

3.  It  should  be  of  general,  not 
limited,  application. 

4.  It  should  be  so  framed  that  it  is 
not  ojoen  to  being  mterprcted  in  such 
a  way  that  the  lightmg  of  a  street  is 
reduced  to  an  absurdit}-  whilst  the 
specification  is  strictly  complied  with. 

5.  It  should  leave  nothing  to  the 
discretion  of  the  contractor,  i.e.,  -when 
tenders  are  opened  tliey  should  be  in 
every  respect  on  identical  bases,  so 
that  the  respective  prices  can  be  tabu- 
lated and  directly  compared.  There 
should  be  no  qualifying  or  descrii)tive 
clauses  Avliich  leave  to  the  members 
of  the  Committee  or  Council  dealmg 
Mitli  the  matter  tlie  decision  of  whether 
the  scheme  set  out  in  tender  A  or  that 
in  tender  B  Mould  prove  the  more  satis- 
factory scheme  for  the  lighting  of  the 
streets  in  question.  Othenvise  the 
whole  object  of  adopting  a  ""  stand:ird 
specification  "  would  be  defeated,  and 
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we  should  get  back  to  the  old  unsatis- 
factory position  of  having  the  com- 
parative merits  or  demerits  of  t-\A'o 
schemes  of  lighting  discussed  and 
adjudicated  upon  by  a  body  of  men 
having  no  kno\N4edge  that  A\-ould  qualify 
them  for  forming  a  sound  opinion  upon 
the  subject,  and  of  having  the  can- 
vassing powers  and  local  influence  of 
the  competing  tenderers  brought  into 
action. 

6.  The  provisions  for  making  tlie 
tests  to  which  the  illumination  pro- 
vided by  the  contractor  is  to  be  sub- 
ject, and  upon  which  he  is  to  be  liable 
to  penalty  for  deficiency,  sliould  be 
such  as  to  secure  as  far  as  possible 
precision  of  result.  The  margin  for 
possible  error  should  be  small.  Tlie 
method  of  testing  should  be  as  closely 
defined  as  possible. 

In  my  opinion  the  draft  specifica- 
tion fails  to  comply  with  any  one  of 
these  requhements. 

1.  In  regard  to  the  first  point — 
that  of 

Ease  of  Cofuprehension. 

Not  one  councillor  in  a  thousand 
knows,  or  could  be  made  to  under- 
stand intelligently  and  thorouglily, 
what  A\'ould  be  meant  by  saying  tnat 
the  streets  in  his  district  were  going 
to  be  so  hghted  that  there  would  be  a 
minimum  illumination  of  0025  foot- 
candles  on  a  horizontal  plane  at  a 
height  of  3  ft.  3|  in.  above  the  ground 
level. 

Scientific  formulae  and  nomenclature 
are  very  pleasing  and  satisf_>dng  to  tlie 
scientific  mind.  They  are  liable  to  be 
highly  confusing  and  mystifying  to  the 
lay  mind,  and  should  never  be  used 
when  the  same  result  can  be  achieved 
by  tlie  use  of  simpler  language. 

The  value  of  tlie  Illuminating  Engi- 
neering Society  to  the  world  of  business 
will  be  in  direct  ratio  to  the  scientific 
accuracy  of  the  principles  it  enunciates 
in  regard  to  questions  of  illumination, 
but  in  inverse  ratio  to  the  scientific 
jargon  in  which  it  expounds  these 
principles. 

To  be  appreciated  we  must  be  under- 
stood. If,  then,  v.e  can  get  a  basis 
that  can  be  comprehended  by  the 
average    Committee-man — I    do    not 


ask  for  the  impossible,  and  say  "  by 
every  Committee-man  " — ^we  shall  have 
provided  something  much  more  prac- 
tically useful  than  this  specification 
gives  us. 

2.  In  regard  to  the  second  point — 
that  of  the  desirability  of 

A  Familiar  Standard. 

To  get  a  basis  of  specification  com- 
prehensible by  the  man  who  A\'ants 
light  in  the  street,  we  should  be  wise  to 
adopt  a  standard  with  which  he  is 
famihar. 

Every  one  is  familiar  with  the  ex- 
pression "  a  lamp  of  such-and-such 
candle-power."  A  thousand  people — 
even  members  of  a  Lighting  Committee 
— ^\vould  have  some  fauly  accurate 
conception  of  the  difference  between  a 
16  candle-power  lamp  and  a  1,000 
candle-power  lamp,  to  one  person  who 
would  have  any  concej)tion  whatever 
of  a  street  with  "  a  minimum  hori- 
zontal illumination  of  0025  foot- 
candles." 

Is  there,  then,  any  good  reason  why 
we  should  not  adopt  lamps  of  specific 
candle-power  as  the  basis  of  a  street 
lighting  specification,  and  so  comply 
not  only  with  the  second,  but  also  \v  ith 
the  third  requirement  I  have  laid  down 
— that  the  specification  shall  be  of 
universal,  not  hmited  application  ? 

3.  It  is  surely  only  a  question  of  : — 

(a)  Specifjdng  what  is  meant,  for 
the  purposes  of  the  contract,  by 
candle-power  (this  is  aheady  con- 
templated by  the  specification,  and 
would,  Mr.  Trotter  admits,  have  to  be 
adopted  in  respect  of  80 — ^I  should 
say  90 — ^per  cent  of  the  streets  and 
roads  throughout  the  country)  ;   and 

(6)  determining  how  many  lamps 
of  specific  candle-power,  on  columns 
of  (or  suspended  at)  a  specific  height, 
placed  at  specific  distances  apart,  are 
rec[uired  to  give  illumination  of  desired 
grades — Class  A,  C'lass  B,  and  so  on. 

This  is  the  sort  of  pro^Dosition  that  a 
council  or  committee  can  understand. 
Their  expert  advisers  may  comprehend 
tests  of  minimum  horizontal  illumina- 
tion defined  in  foot-candles,  but  the 
value  of  such  observations  has,  it 
seems  to  me,  been  considerabh'  over- 
rated.    It  hes  chiefly  m  providing  a 
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means  for  expressing  in  precise  figures, 
and  checking,  the  observ^ations  of  the 
eye  as  to  the  comparative  degree  of  illu- 
mination— first,  second,  or  third  class  — 
found  in  streets  akeady  lighted. 

We  must,  if  we  are  going  to  be 
practical,  Avork,  in  these  matters  of 
illumination,  by  analysis  before  s\ti- 
thesis — -we  must  take  existing  examples 
of  lighting,  see  if  they  are  good,  bad, 
or  mdifferent,  and  then  analyze  tlie 
causes  of  the  effects — and  we  only 
need  these  horizontal  minimum  illu- 
mination readings,  in  conjunction  with 
maximum  and  average  illumination 
readings  to  enable  us  to  express  the 
effects  and  to  verify  our  "  rule  of  eye  " 
classifications. 

If  tliere  had  never  been  any  street 
lighting,  and  we  had  started  to  plan 
scientific  illumination  for  the  streets 
on  paper  by  calculated  minimum  liori- 
zontal  illumination,  who  A\'Ould  liave 
believed  that  most  excellent  and  satis- 
factory lighting  results  could  be  ob- 
tained by  a  scheme  which  provided  for 
a  minimum  horizontal  illumination  only 
one-twentieth  of  the  maximum  hori- 
zontal illumination  ? 

Yet  we  know  by  experience  that  a 
diversity  factor  of  25  or  30  to  1  is 
compatible  with  thoroughly  satisfactory 
illumination  in  the  streets — illumina- 
tion which  to  the  eye  appears  uniform 
because  of  the  imperceptible  degrees 
of  gradation. 

A  great  deal  is  made  by  the  advocates 
of  the  draft  specification  of  the  point 
that  local  authorities  are  out  to  buy 
"  not  lamps,  not  candle-power,  but 
illumination."  But  this  is  surely  only 
using  words  to  confuse  ideas.  It  is 
true  that  local  authorities  want  to 
secure  effect,  but  it  is  equally  true 
that  to  obtain  effect  you  nuist  purchase 
the  necessary  cause. 

When  you  feel  hungry  you  are  "  out 
to  buy  "  satisfaction  of  your  hunger, 
but  you  do  not  go  into  a  restaurant 
and  order  ""  minimum  horizontal  satis- 
faction." You  know  by  experience 
what  dishes  go  to  make  up  a  first, 
second,  or  third  class  dinner,  and, 
according  to  the  state  of  your  purse  or 
of  your  views  upon  sim})le  life,  you 
order  the  causes  necessary  to  produce 
the  desired  effect.    The  inexperienced 


diner  possibly  produces  "  glare  "  m 
the  eye  as  the  result  of  his  efforts  ; 
the  experienced  secures  a  satisfactory 
"  diffusion."  If  a  medical  man  is 
called  in  to  the  former  he  Avill  doubtless 
prescribe  a  standard  specification  of 
diet,  but  it  will  be  ui  terms  of  food, 
and  not  of  "  minimum  dietetic  satis- 
faction expressed  in  decimals  of  pulse- 
temperature." 

The  local  authority  wants  illumina- 
tion as  an  effect.  To  obtain  that  effect 
lamps  of  certain  candle-power  at  certain 
heights  and  distances  apart  are  needed. 
Why  not  say  so  ? 

If  you  do  not,  you  fail  to  comply 
with  the  fourth  and  fifth  of  the  re- 
qukements  I  have  outlined. 

4.  You  leave  yourself  open  to  the 
possibility  of  very  small  units  of  light 
being  placed  on  very  high  columns 
wide  apart,  which  would  give  the  same 
minimum  horizontal  illumination  as 
lamps  of  greater  candle-power  on  lower 
columns  at  the  same  distance  apart, 
or  as  lamps  of  the  same  candle-power 
on  lower  columns  nearer  together  ! 

Taking  Mr.  Haydn  Harrison's  table 
on  p.  16,  we  find  that  a  specification 
calling  for  001  foot-candle  minimum 
illumination  on  a  horizontal  plane 
3  ft.  3|  in.  above  the  ground  in  a  street 
2,100  ft.  long  would  be  complied  with 
by  the  provision  of  (a)  twenty-one 
33  c.-p.  lamps  on  columns  3G  ft.  high, 
or  (6)  twenty-one  95  c.-p.  lamps  on 
columns  10  ft.  high,  or  (c)  thirty  34 
c.-p.  lamps  on  columns  10  ft.  high. 

Who  is  going  to  say  that  the  street 
would  be  equally  well  or  equally  satis- 
factorily lighted  under  all  these 
different  arrangements  ?  Yet  each  of 
them  is  rendered  possible  by  the  draft 
specification,  because  it  ignores  maxi- 
mum illumination,  ignores  average  illu- 
mination, ignores  gradation  of  illu- 
mination, and  only  takes  into  account 
minimum  illumination. 

Mr.  Trotter  says  that  "  if  the  illu- 
mination is  up  to  a  certain  specified 
standard,  it  does  not  concern  the  public 
whether  it  is  produced  by  a  few  lamps 
of  large  candle-power  or  by  more 
lamps  of  h'ss  candle-power,  or  whether 
tall  or  shorter  posts  are  used,  -within 
certain  limits."  I  should  like  to  repeat 
that  quotation   to   Mi'.   Trotter   on  a 
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foggy  night  in  a  street  lit  by  lamps  on 
high  cohxmns  100  yards  apart ! 

All".  Kenehn  Edgcumbe  no  doubt, 
as  a  more  than  ever  convinced  "  whole- 
hogger  "  for  the  specification,  -\vill  say 
that  a  dismally  lighted  street  is  as 
desirable  and  admirable  as  a  brightly 
lighted  street  so  long  as  it  has  the  same 
minimum  horizontal  illummation,  but 
I  should  just  like  to  quote  in  this  con- 
nexion something  which  he  wrote  six 
years  ago,  in  a  paper  on  '  The  Com- 
parison of  Street  lUummants.'  He 
said  : — 

''  Although  to  comj)are  tlie  minimum 
illumination  may  be  a  highly  scientific 
way  of  treating  the  problem,  at  the 
same  time  street  illumination  has  its 
aesthetic  side,  which  is  by  no  means 
less  important  than  its  scientific  ;  and 
since  it  is  the  man  in  the  street  Avho 
pays  the  bill,  his  views  have  to  be 
consulted.  When  asked  which  of  two 
streets  he  considers  to  be  the  best  lit 
he  will  inevitably  declare  in  favour  of 
the  one  Avhich  has,  not  the  highest 
minimum,  but  the  highest  average 
illumination.  It  may  not  be  logical, 
but  the  fact  remains.  [Personally,  I 
do  not  see  the  failure  in  logic] 

"  This  point  is  well  illustrated  by  a 
comparison,  for  example,  of  Oxford 
Street  and  Kingsway  [he  was  speaking 
of  the  lighting  that  existed  at  that 
time]  in  which  the  minimum  illumina- 
tions are  much  the  same,  but  there 
can  be  no  tAvo  opinions  as  to  w'lich 
street  is  the  '  best  lit.' 

"  Although  an  even  illumination 
equivalent  to  the  minimum  permissible 
is  no  doubt  scientifically  what  sliould  be 
aimed  at,  on  the  other  hand  a  street 
with  a  high  average  illumination,  even 
though  less  evenly  distributed,  gives 
a  much  more  pleasing  impression  ;  in 
fact,  there  is  probably  much  the  same 
difference  as  between  what  would  be 
called  a  '  bright  '  day  and  a  "  dull  ' 
day." 

I  commend  these  very  practical  and 
sound  observations  to  the  careful  con- 
sideration of  the  municipal  and  county 
surveyors,  who  represent  the  interests 
of  "  the  man  in  the  street  "  (including 
the  tradesman  who  wants  his  tho- 
roughfare to  be  bright,  not  dull),  and  who 
would  not  want  to  be  made  a  laughing- 


stock for  their  ratepayers  by  adopting 
a  specification  that,  with  its  ultra- 
scientific  eye,  regards  a  street  of  dismal 
appearance  as  being  equal  to  one  of  a 
bright  and  pleasing  appearance — though 
I  beg  leave  here  to  protest  against  the 
abuse  of  the  word  involved  in  calling 
such  ideas  "  scientific  "  in  any  way. 
Science  is  organized  knowledge,  and 
the  "  science  "  that  leaves  out  of 
account  obvious  facts  and  considera- 
tions has  no  right  to  the  title. 

Here  I  am  glad  to  be  able  to  quote 
from  a  communication  the  Society 
has  receiv'cd  from  Dr.  L.  Bloch  of 
Berlin,  who,  in  the  course  of  some 
very  interesting  criticisms  of  the  draft 
specification,  gives  it  as  his  opinion  that 
"  the  prescription  of  a  certain  minimum 
illumination  alone  is  not  sufficient 
to  ensure  a  Avell-lighted  street.  The 
adoption  of  this  prescription  of  minimum 
illumination  would  also  exert  a  marked 
influence  on  the  arrangement  of  a 
street  lighting  installation,  and  by  no 
means  a  favourable  influence.  It  would 
encourage  the  already  prevalent,  but 
injudicious  method  of  placing  lamps 
in  the  streets  as  high  as  possible  ;  for 
it  is  common  knowledge  that  by  placing 
the  lamps  high  one  can,  in  general, 
get  the  best  value  of  the  minimum 
illumination,  and  the  uniformity  is  also 
improved.  But  it  is  possible  under 
these  circumstances  that  there  will  bo 
no  single  point  in  tlie  street  wliere  the 
illumination  is  strong  enougli  to  read 
with  case." 

I  also  find  very  strong  support  in  the 
communicated  views  of  Dr.  Louis 
Bell,  the  well-known  American  autho- 
rity on  illumination.     He  says  :  — 

"■  There  is  no  objection,  if  anybody 
fancies  the  idea,  to  putting  in  a  mini- 
mum illumination  clause,  provided 
nothing  of  any  importance  is  made  to 
hinge  upon  it,  in  which  case  it  might 
as  well  be  forgotten. 

"  The  inevitable  effect  of  a  minimum 
illumination,  which  the  contractor  may 
furnish  substantially  according  to  his 
OAvn  plans,  Avill  be  found  to  be  the 
smallest  total  light  flux  which  can  be 
made  to  serve.  A  call  for  minimum 
illumination  is  practically  a  call  for 
small  gas  or  electric  incandescents 
glimmering      along      the      street      at 
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intervals  as  infrequent  as  can  meet 
the  specification  for  illumination  mid- 
way between  them.  These  are  not 
matters  of  theory,  but  conditions  which 
will  inevitably  confront  the  muni- 
cipality in  undertaking  its  street  light- 
ing. It  is  my  judgment,  therefore,  that 
an  illumination  specification  can  only 
prove  useful  when  it  has  very  little  to 
do  with  the  real  considerations  of  the 
contract.  I  have  always  looked  upon 
a  contract  for  street  lighting  as  essenti- 
ally a  contract  for  service,  under 
specified  conditions,  with  certain  speci- 
fied illuminants,  of  which  the  perform- 
ance can  be  both  definitely  ascertained 
in  the  laboratory  and  easily  checked 
on  the  street.  It  is  the  task  of  the 
engineer  having  the  work  in  charge  for 
the  municipality  to  see  what  luminous 
sources  and  what  arrangement  of 
them  will  give  him  the  illumination 
required  in  streets  of  various  classes, 
and  then  to  insist  on  the  use  of  these 
illuminants  under  certain  standard 
conditions  which  can  be  maintained. 
I  have  found  in  practice  that  speci- 
fications drawn  on  this  liasis  produce 
good  results  with  extremely  little 
friction  between  the  contracting  parties." 
5.  The  fifth  requirement  laid  down 
for  an  ideal  specification,  that  it  should 

Leave  Nothing  to  the  Contractor 

other  than  the  choice  of  the  lamp,  of 
specified  candle-power,  needs  little  to 
be  said  to  commend  it  to  all  practical 
men  who  have  had  experience  of  sub- 
mitting street  lighting  schemes  to  local 
authorities. 

For  a  standard  si)ecification  to  ser\a! 
the  important  end  of  providing  a 
local  a\ithority  Avith  a  basis  for  the 
invitation  of  tenders,  it  is  absolutely 
essential  that  it  sliould  leave  nothing 
vital  to  the  discretion  of  the  contractor 
or  the  choice  of  the  authority  after 
the  tenders  had  been  opened.  All 
questions  involving  choice — questions 
of  height  and  design  of  colunm  and  so 
forth — nuist  be  decided  beforehand, 
and  the  result  embodied  in  the  invita- 
tion to  tender.  I  believe  that  every 
surveyor  Mill  agree  with  me  on  that 
point,  and  I  consider  that  the  failure 
of   the    draft   specification   to   provide 


for   that   essential   is   absolutely   fatal 
to  its  acceptance  as  a  model. 

6.  Finally,  the  provisions  under  Avhich 
the  testing  shall  be  carried  out  to  deter- 
mine whether  or  not  the  contractor  is 
fulfilling  his  obligations  must  leave  as 
little  room  for  error,  dispute,  and  in- 
justice as  possible. 

It  is  generally  admitted  that  any- 
thing approaching  absolute  accuracy 
in  reading  small  minimum  horizontal 
illuminations  is  impossible.  Even  in 
the  case  of  fairly  high  values  we  find 
variations  of  7  per  cent  as  between 
readings  by  the  same  expert  photo- 
metrist.  Prof.  Morris,  and  no  one  closely 
acquainted  with  street  lighting  photo- 
metry would  be  willing  to  accept  a 
margin  of  less  than  25  per  cent  to 
provide  against  errors  of  observation 
and  local  disturbing  influences  in  taking 
low  minimum  illumination  readings. 

It  will  be  said  :  take  j^our  readings 
direct  from  the  various  lamps  con- 
tributing to  the  minimum  illumination, 
and  calculate  your  minimum  illumma- 
tion  from  them.  But  this  method 
introduces,  as  the  Committee  have 
seen,  a  possibility  of  over  20  per  cent 
difference,  apart  from  errors  of  obser- 
vation. 

Will  surveyors — or  councils — allow 
a  margin  of  33  per  cent  from  the 
contract  minimum,  or  are  contractors 
to  be  obliged  to  provide  that  excess 
in  order  to  guard  against  possible 
penalties  ?  And  is  a  specification  that 
necessitates  the  one  or  the  other  of 
these  alternatives  a  scientific  or  a 
l^ractical  proposition  to  put  before 
street  lighting  authorities  I  Here,  again, 
let  me  quote  Dr.  Louis  Bell : — 

"  If  illumination  is  to  be  the  real 
basis  of  a  contract,  penalties  under 
that  contract  must  depend  upon  a 
measured  deficit  in  illumination,  and 
practically  all  photometrists  in  this 
country  who  have  had  experience  A\ith 
illumination  measurements  on  the  street 
recognize  that  the  degree  of  obtainable 
precision  is  not  suf!ici(>nt  to  justify 
making  them  the  basis  of  large  monetary 
settlements.  In  a  street  lighting  con- 
tract involving  €50.000  or  £100.000  per 
year,  a  difference  of  2  or  3  or  5  per  cent 
in  the  measured  illumination  is  a  very 
serious  matter,   and  dependence   upon 
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measurements  -niiicli  are  known  to 
vary  within  at  least  this  range  would 
simpty  lead  to  exasperating  litigation. 
I  have  made  a  very  large  number  of 
measurements  on  the  street,  first  and 
last,  in  a  considerable  variety  of  in- 
stances, and  know  from  personal 
experience  the  magnitude  of  the  diffi- 
culty here  referred  to,  and  the  utter 
hopelessness  of  getting  an  amicable 
agreement  betAveen  the  municipality 
and  the  contractor  on  any  such  un- 
certain basis." 

I  submit,  then,  that  this  draft 
specification  fails  in  every  essential 
point  to  meet  the  requirements  of  a 
standard  specification  for  street  fighting. 

That  is,  however,  only  destructive 
criticism.  What  practical  alternative 
is  there  to  offer  ?  I  am  of  opinion 
that  if  the  Joint  Committee  would 
abandon  the  projjosed  "  LTnit  of 
Measurement  "  Clause,  and  substitute 
one  providing  for  rated  candle-power 
of  lamps  determined  by  dkect  readings 
at  sj)ecified  angles  in  a  specified  direc- 
tion, with  a  specified  relationship 
between  readings  at  the  widest  and  the 
narrowest  angles,  and  would  provide 
a  schedule  sho\\-ing  bj^  what  numl^er 
and  arrangement,  height,  spacmg,  and 
placing  of  lamps  of  specified  candle- 
poAver  the  illumination  of  streets  in 
Classes  A  to  E  (or  F  or  G)  could  be 
(because  it  has  been)  obtained,  they 
would  produce,  and  very  quickly  pro- 
duce, a  specification  of  real  practical 
value  with  a  truly  scientific  basis — and 
in  this  opinion  I  am  again  fortified  b}^ 
Dr.  Bell,  who  considers  that  the  draft 
specification  would  be  improved  '"  if 
more  stress  were  laid  upon  the  candle- 
poA\-er  at  a  fixed  angle  from  the  lighting 
units  to  be  furnished." 

The  draft  specification  suffers,  if  I 
may  say  so  without  offence,  from 
science  run  mad  ;  it  has  the  atmosphere 
of  the  laboratory'  and  not  of  the  street, 
and  I  ask  the  Joint  Committee  to 
come  doMTi  to  practical  conditions  and 
considerations,  and  leave  so  -  caUed 
scientific  specifications  to  those  who 
find  them  all-sufficient. 

I  only  -want  to  say  in  conclusion 
that  the  criticisms  I  have  felt  it  my 
duty  to  make  have  been  directed  solely 
to  the  end  of  securing  a  satisfactory 


standard  specffication  for  street  light- 
ing. Such  a  specification  is  badly 
needed,  and  a  practical,  equitable, 
comprehensible,  and  comprehensive 
specification  will  be  Avelcomed  by  all 
suppliers  as  well  as  all  users  of  illu- 
mination. But  it  would  be  worse  than 
doing  nothing  to  meet  that  requirement 
to  put  forward  an  impractical  specifica- 
tion, applicable  at  best  to  onh'  one 
case  in  ten,  that  would  not  hold  water 
in  even  the  one  case,  and  that  would 
leave  the  local  authorities  in  the  same 
condition  of  uncertainty  as  to  what 
they  A\'ant  and  how  to  get  it  as  they  are 
in  at  present. 

Professor  J.  T.  ]\Iorris  thought  it 
would  assist  matters  if  he  were  to  try 
to  clear  up  the  question  of  certain 
measurements  of  his  which  had  been 
called  in  question.  Mr.  Patchell,  at  the 
previous  meeting,  had  kindly  referred 
to  certain  tests  which  he  (the  speaker) 
made  as  a  member  of  the  Street 
Lighting  Specification  Committee.  He 
had  felt  it  his  duty  to  place  before  that 
committee  absolutely  everj^  measure- 
ment which  he  had  made  ;  but  the  dis- 
crepancies referred  to  were  obtained  at 
only  rery  low  illuminations.  He  had 
not  repeated  the  tests  in  Cjuestion, 
because  he  had  not  the  time,  but  in  any 
thorough  work  he  would  naturally 
have  rej)eated  the  tests.  He  had  since 
collected  the  figures  that  were  obtained, 
to  see  if  there  was  any  reason  for  the 
discrepancies ;  because  not  a  few 
speakers  had  referred  to  the  fact  that 
there  was  an  error  of  something  like 
22  per  cent  between  the  calculated 
horizontal  illumination  and  the  actual 
measured  value  on  the  same  plane. 
Starting  with  an  average  illumination 
of  0030,  he  got  an  error  of  3  per  cent ; 
at  025  foot-candle  he  got  exact  co- 
incidence. Then  with  a  horizontal 
illumination  of  0"  021  there  was  an  error 
of  7  per  cent ;  and  it  was  not  until 
he  got  below  l-50th  foot-candle  that 
errors  of  10  per  cent  crept  in.  The 
22  per  cent  was  obtained  when  the 
illumination  was  0'017  foot-candle. 
Taking,  instead  of  percentage  error,  the 
actual  difference  in  amount  of  illumina- 
tion, the  figures  gave  1-lOOOth  foot- 
candle  in  the  first  case,  zero  difference 
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in  tlie  second,  U-lOOOth  foot-candle  in 
the  next  case,  and  it  was  not  until  the 
illumination  was  as  low  as  0017  foot- 
candle  that  ho  got  4-lOOOth  of  a  foot- 
candle  difference.  These  figures  seemed 
to  show  that  the  lower  the  horizontal 
illumination  to  be  measured,  the  greater 
was  the  actual  difference  between  the 
measured  and  the  horizontal,  so  that 
the  percentages  went  up  at  a  very  much 
greater  rate.  He  desired,  however,  to 
empliasize  the  point  that,  provided  the 
illumination  was  not  below  0-020  foot- 
candle,  the  observed  discrepancies  were 
not  more  than  about  O'OOl  foot-candle. 
Personally,  he  would  liave  been  glad  if 
these  figures  had  not  been  put  before 
the  technical  public  ;  because  they 
M^erejust  a  statement  of  actual  observa- 
tions made  without  any  check  tests,  and 
it  must  be  remembered  that  they  were 
made  over  tAvo  years  ago.  He  believed 
that,  with  the  improvements  of  present- 
day  photometers,  these  figures  could  be 
easily  improved  in  the  matter  of  accu- 
racy. The  Honorary  Secretary  kindly 
sent  him  a  number  of  criticisms  from 
engineers  on  the  Continent  and  America, 
and  frankly  lie  must  admit  tliat  the 
experience  of  these  Mell-known  men 
.seemed  to  go  against  taking  minimum 
horizontal  illumination  as  the  sole 
basis.  Some  agreed  with  it,  provided 
something  else  was  talcen  into  considera- 
tion ;  and  he  did  not  know  wJiether  it 
was  possible  to  arrange  for  a  minimum 
horizontal  illumination  plus  eitlier  the 
average  or  the  mean  spherical  candle- 
power  given  by  the  lamps.  This  was  a 
mere  suggestion,  but  in  view  of  the 
opposition  he  thought  it  was  clear  that 
some  modification  was  required.  In 
making  it,  however,  he  did  .so  quite 
personally,  and  because  he  was  sure  that 
the  desire  of  everybody  was  to  get  a 
satisfactory  solution. 

A  communication  from  Mb.  J.  W. 
Bradley,  M.  Inst.  C.E.,  was  then 
presented  by  the  Hon.  Assistant 
Secretary,  as  follows  : — Speaking  as 
one  who  has  for  many  years  had  the 
specification  and  control  of  public 
lighting  installations,  mIio  has  for 
twelve  years  conducted  the  execu- 
tion of  contracts  for  public  light- 
ing definitely  based  on  a  candle-power 


standard,  and  has  also,  with  his  assist- 
ants, carried  out  comparative  tests  of 
surface  illumination  values,  the  writer 
does  not  hesitate  to  express  satis- 
faction Avith  the  working  of  candle- 
power  standard  contracts,  and  a  pre- 
ference for  that  system. 

To  give  an  intending  contractor  the 
candle-power  he  is  requned  to  supply 
and  the  height  above  the  street  at 
which  it  is  to  be  fixed  (.stating  within 
limits  the  polar  distribution),  reserving 
the  right  of  approval  of  the  general 
character  of  the  lantern  and  its  re- 
flectors, supplies  the  contractor  with 
a  definite  practical  problem  to  solve  ; 
and  he  can  deal  with  it  with  much  less 
trouble  than  if  he  is  to  consider  the 
many  points  involved  by  the  adoption 
of  a  minimum  illumination  value  ovei 
a  large  area. 

Consideration  of  these  points,  even 
if  undertaken  by  him,  would  in  many 
cases  be  largely  wasted,  because  of  the 
numerous  questions  which  would  crop 
up  in  connexion  ^ith  the  actual  posi- 
tion of  lamp -standards  and  the  different 
intensities  of  light  requned  throughout 
varying  depths  of  atmosphere  in  town 
streets  of  different  importance  in  many 
respects.  It  is  also  essential  that  if 
there  is  a  weak  spot  in  a  lighting  in- 
stallation, that  weak  spot  should  be 
localized  and  improved  up  to  standard 
from  time  to  time  as  weaknesses  de- 
velope,  rather  than  that  the  con- 
tractor should  be  told  that  a  certain 
area  is  not  properly  illuminated,  and 
he  should  then  have  to  set  out  to  dis- 
cover and  remedy  the  fault. 

If  a  contractor  has  to  be  penalized 
for  a  failure  to  supply  a  specified 
amount  of  light,  he  ought  to  be  told 
of  the  exact  point  at  fault,  so  that  he 
may  remedy  it  immediately.  INIore- 
over,  it  would  probably  be  difficult 
to  penalize  a  contractor  for  insufficient 
lighting,  because  the  mmimum  illu- 
mination had  fallen  below  a  specified 
figure,  when  that  temporarily  depre- 
ciated light  might  be  caused  by  chang- 
ing circumstances  entirely  outside  his 
control,  such  as  a  change  in  the  weatlier, 
the  non-painting  of  a  house  front,  the 
growth  of  trees,  &c. 

Again,  if  a  contract  is  on  a  surface 
illumination    basis,    how    is    provision 
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to  be  made  for  a  change  in  ligliting 
unit  ? 

The  writer  cannot  agree  with  Sir 
WiUiam  Preece  when  he  says  "  that 
it  does  not  concern  the  jDubhc  whether 
light  is  produced  by  a  few  lamps  of 
large  candle-power  or  by  more  lamps 
of  less  candle-power,  or  whether  tail 
or  shorter  posts  are  used."  It  is 
certainly  very  desirable  that  as  few 
lamp-posts  as  possible  sliould  be  used, 
considering  the  obstruction  they  cause 
to  the  public  ;  and  it  is  also  deskable 
in  unportant  streets  that  tall  lamps 
giving  a  proper  illumination  throughout 
a  sufficient  depth  (vertical  height) 
above  the  street  surface  should  be 
adopted. 

It  is  wrong  to  assume  that  the  posi- 
tions of  the  points  of  light  and  their 
number  can  be  omitted  with  advantage 
from  a  contract.  The  approximate 
number  ought  to  be  definitely  stated, 
and  a  price  given  in  the  tender  per 
position  for  each  class  of  lamp.  The 
positions  in  which  they  are  placed  must 
be  a  matter  entirely  in  the  hands  of  the 
municij)al  engineer  as  representing  the 
local  authority.  There  are  many 
things  to  be  taken  into  account  which 
a  contractor  forming  his  tender  on  an 
illuminated  surface  basis  could  not 
anticipate  and  allow  for,  and  whicli 
prevent  that  equal  distribution  of  light 
over  the  illuminated  surface  and  through 
the  illuminated  depth  which  is  so 
desirable,  but  impossible  to  obtain 
under  working  conditions,  and  which 
those  wlio  advise  the  adoption  of  illu- 
minated surface  as  a  standard  have 
not  and  cannot  provide  for. 

The  position  of  vaults,  cellars,  areas, 
and  forecourts,  the  presence  or  absence 
of  gas,  water,  electric,  telephone,  tele- 
graph, hydraulic,  and  other  mains, 
tables,  and  services  in  the  street  or 
footway,  have  a  large  bearing  on  the 
position  in  which  a  lamp  shall  be 
placed.  The  angles  and  junctions  of 
streets,  recesses,  and  projections  of 
buildings  ;  the  distance  of  the  building 
line  from  the  street  line  ;  the  cha- 
racter of  the  dwellings  and  of  the  rooms 
adjacent  to  the  proposed  lamp  position, 
and  the  use  to  which  the  rooms  may 
be  put  near  a  lamp  position,  have  all 
to  be  considered.     The   trade  carried 


on  in  a  shop  adjoining  may  also  fre- 
quently be  influenced  by  the  presence 
of  a  lamp  ;  and  to  suggest  that  it 
should  be  left  entkety  to  the  contractor 
to  put  his  lamps  where  he  wiU,  so  long 
as  he  illuminates  to  a  satisfactory 
degree  a  plane  at  a  height  of  3  ft.  3  in. 
above  the  street  level,  is  unreasonable, 
and  would  lead  to  endless  disputes 
between  ratepayers  and  the  local  autho- 
rity, and  the  contractor  and  the  local 
authority. 

This  matter  cannot  be  looked  at 
from  a  laboratory  standpoint,  but  must 
be  considered  in  the  light  of  the 
huncked  and  one  practical  points  which 
arise  in  actual  working,  and  with  due 
consideration  to  the  class  and  amount 
of  traffic,  pedestrian  and  vehicular,  on 
roads  varying  in  character  from  the 
village  highway  to  the  metropolitan 
street. 

The  writer  believes  that  lie  was  the 
first  to  specify  in  a  lighting  contract 
a  definite  amount  of  measured  light 
as  a  basis  for  tendering,  and  after 
many  years'  experience  of  public  street 
illumination,  carried  out  under  con- 
tracts having  for  their  basis  of  agree- 
ment the  measurement  of  direct  candle- 
power,  and  ^^'ith  the  knowledge  of  the 
working  of  such  contracts  in  respect 
of  both  gas  and  electricity,  intensified, 
filament,  and  arc  lighting,  he  can 
definitely  state  tliat  these  contracts 
have  proved  satisfactory  in  every  way  ; 
further,  they  have  lapsed  and  been 
again  re-entered  upon  by  the  previous 
contracting  parties — a  fact  which  in 
itseK  testifies  to  their  fairness  and  ease 
of  working. 

The  principal  points  of  this  specifica- 
tion are  indicated  in  the  folloM^ing 
extracts  : — 

_  Toe  Contractor  shall  pav  to  the  Local  Autho- 
rity as  liquidated  damages  the  sura  of  5'?.  per 
daj'  or  portion  thereof  for  every  lamp  giving  at 
the  time  of  testing  less  than  the  specified 
candle-power  provided  for  in  the  annexed 
specification,  each  day  commencing  at  twelve 
o'clock  midnight.  Tests  mav  be  made  at  any 
time  during  the  specified  lighting  hours. 

In  the  ca?e  of  "large  units,'"  thie  lamps  are  to 
be  erected  on  suitable  and  approved  columns  of 
such  a  height  that  the  centre  of  light  shall  not 
be  less  than  22  feet  above  the  adjacent  surface 
of  the  ground.  In  the  case  of  "small  units," 
the  centre  of  light  shall  be  not  less  than  12  feet 
from  the  adjacent  ground  surface. 

The  desigu  of  lamp-pillars  is  subject  to  the 
approval  of  the  Council,  and  such  pillars  must 
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be  of  cast  iron  or  cast  iron  and  steel  tube  con- 
struction. In  the  case  of  electric  lamps,  pro- 
vision must  be  made  for  the  winding  gear  to 
the  footway  columns.  Arc  lamps  shall  be  fitted 
with  automatic  substitutional  resistances,  so 
that  the  failure  of  one  lamp  will  not  interfere 
with  others  in  the  same  group. 

Each  lamp  is  to  be  fitted  with  burners, 
mantles,  globes,  and  fittings,  as  the  ease  may  be, 
giving  a  minimum  of  00, 18i ),  l,8U0.or  3,0(l0  stand•^rd 
candle-power  resppctively,  as  directlj'  measured 
by  an  approved  portable  photometric  apparatus 
placed  at  ground-level,  and  is  to  burn  8,910  hours 
per  annum  in  accordance  with  a  daily  schedule 
to  be  hereafter  supplied  by  the  Local  Authority. 
The  fittings  and  lamp  must  be  in  every  respect 
to  the  approval  of  the  City  Engineer,  and  in 
particular  the  reflectors  above  the  light  are  not 
to  ba  concave  to  the  light  so  as  to  concentrate 
the  illumination  at  the  foot  of  the  lamps,  but 
horizontall}-  flat  or  slightly  convex  as  approved 
by  the  City  Engineer,  so  as  to  disperse  the  rays. 
The  tests  will  be  taken  in  such  a  manner  as  to 
ensure  that  glizing  bars  shall  not  interfere  with 
the  results  obtained.  The  candle-power  shall  be 
arrived  at  by  taking  the  average  of  two  readings 
in  any  position  with  regard  to  the  light  under 
test— one  reading  at  an  angle  of  20",  and  a 
second  reading  at  an  angle  of  50^  to  the  hori- 
zontal. A  test  standard  unit  of  1  foot-candle  or 
of  any  size  in  excess  of  this  up  to  10  foot-candles 
may  be  used,  according  to  the  character  of  the 
photometer  wit'i  which  the  tests  are  made  and 
the  class  of  lamp  being  tested,  all  as  the  City 
Engineer  may  approve.  The  photometer  shall 
be  of  a  type  ap[)roved  by  the  City  Engineer 
The  intention  of  this  contract  is  that  the  Con- 
tractor shall  assure  lums'^lf,  by  continued  test 
and  inspecfon,  that  the  limps  he  provides  are 
during  lighting  hours  fulfilling  in  all  respects 
the  requirements  of  this  contract,  and  he  shall 
not  claim  relief  from  the  conditions  of  this 
contract  on  the  grounds  of  non-notification  on 
the  part  of  the  Local  Authority  of  any  failurn  to 
comply  with  the  terms  of  this  specification,  i  he 
light  given  shall  be  of  a  steady,  invariab'e 
character,  of  a  white  or  yellowish-white  colour. 


Mr.  J.  Darch  remarked  tliat  none 
of  the  advocates  of  minimim  illuiiiina- 
tion  suggested  that  the  position  of  the 
lamps  should  not  be  mentioned.  iSiuvh^ 
a  specification  should  state  the  position 
of  the  lamps  and  every  i)oint  tliat  Avas 
necessary  to  ensure  the  strength  of  the 
lamps  being  such  as  to  produce  a  good 
illumination.  He  thought  the  discus- 
sion .should  be  made  upon  these  lines, 
and  not  upon  the  lines  suggested  by 
Mr.  Bradley. 

Mr.  Frank  Bailey  said  that  most 
of  the  speakers  in  the  discussion 
seemed  to  have  ignored  Appendi.x;  A  of 
the  specification,  Avhich  he  regarded  as 
a  very  important  part  of  that  tlocument. 
There  Avere,  he  thought,  several  reasons 
for  congratulation  in  the  preparation 
of   this   specificati(m.     First,    that   the 


Illuminating  Engineering  Society  had 
been  selected  as  an  impartial  tribunal 
to  discuss  the  subject,  in  the  full  know- 
ledge that  justice  would  be  given  to  all 
concerned,  whether  they  agreed  or  not ; 
secondly,  that  this  paper  had  been  the 
means  of  draAving  from  Mr.  Trotter  one 
more  practical  paper  on  this  subject, 
upon  which  he  was  a  master  ;  thirdly, 
that  so  far  the  criticisms  on  the  speci- 
fication, and  the  objections  raised,  were 
so  easily  answered.  He  could  not  do 
better  than  leave  this  to  others,  but 
he  declared  himself  a  whole  hogger, 
and  occupied  the  same  pen  as  Mr. 
Edgcumbe.  As  one  wlio  was  present 
at  all  the  meetings  of  the  Joint  Com- 
mittee, he  could  only  say  that  the  occa- 
sion was  exceptional,  for  although  a 
number  of  men  having  different  views 
met  together,  the  care  and  persistence 
with  which  they  pursued  these  negotia- 
tions were  most  creditable  to  all  con- 
cerned. Electrical  engineers,  perhaps, 
were  in  the  majority,  but  the  other 
Societies,  and  the  gas  engineers  in 
particular,  sent  very  representative 
members,  and  during  the  whole  iiro- 
ceedings,  no  matter  how  divergent  the 
views,  and  how  much  they  disliked  the 
specification,  they  not  only  expressed 
their  views  clearly,  but  tliey  treated 
the  rest  of  the  Committee  with  the 
greatest  courtesy. 

Therefore  he  looked  forward  to  the 
time  when  electrical  engineers  Avould 
have  the  pleasure  of  meetmg  them 
again,  Avhen  perhaps  they  would  have 
assimilated  some  of  the  specification 
and  had  time  to  study  Apj^endix  A. 
Then,  perhaps,  it  would  be  possible  to 
get  a  workmanlike  specification  which 
would  be  satisfactory  and  acceptable  to 
all  jmrtics.  So  far  as  the  surveyors 
Avere  concerned,  there,  again,  the  Com- 
mittee met  Avith  every  assistance,  and 
it  Avas  astonishing  that  men,  having 
such  large  res]ionsibilities,  shotdd  be 
able  to  find  the  time  to  study  a  com- 
paratively ncAV  subject,  and  Avere  able 
to  give  such  practical  assistance  ;  so 
much  so  that  the  surveyors  redrafted 
many  clauses  in  Appendix  A,  and  he 
believed  they  Avere  more  proud  of  them 
than  he  Avas  persoually.  He  noAV 
came  to  a  matter  Avhich  he  regretted 
verv    mucli,    and    that    Avas    that    an 
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attempt  had  been  made  hy  Mr.  Abady 
at  the  hist  Annual  Meetmg  of  the 
Institution  of  Gas  Engineers  to  preju- 
dice the  specification  before  it  came  up 
for  consideration  at  tlie  joint  meeting 
M'ith  the  IHuminating  Engineers  and  the 
otlier  societies.  At  that  time  the  docu- 
ment Avas  a  confidential  one,  and  to 
have  discussed  it  in  the  hostile  spirit 
that  Mr.  Abady  did  was  not  the  right 
thing. 

Mr.  E.  Allen,  as  Vice-President  of 
the  Institution  of  Gas  Engineers,  ex- 
pressed his  appreciation  of  the  valuable 
Avork  done  by  the  Joint  Committee, 
■which,  he  said,  was  bound  to  be  an 
advantage  to  the  general  public.  In 
his  town  the  Corporation  did  the  whole 
of  the  lighting,  and  there  w^as  one 
street,  where  there  were  centrally 
suspended  lamps  at  a  great  height, 
in  which  the  lighting  was  less  satis- 
factory than  in  any  other  street  in 
the  city.  He  had  no  doubt  that  the 
minimum  liorizontal  illumination  was 
good,  but  when  one  was  walking  up  a 
street  one  did  not  wish  to  be  reading 
a  paper.  One  rather  wanted  to  see 
the  man  coming  towards  one,  and 
either  to  avoid  hnn  or  recognize  him, 
and  the  general  effect  of  the  lighting 
in  that  particular  narrow  street  Avas 
most  unsatisfactory.  The  Committee, 
of  course,  desired  to  produce  a  speci- 
fication suitable  for  all  undertakings 
in  the  country,  and  it  appeared  to  him 
that  it  would  be  Avise  if  the  Committee 
gave  further  consideration  to  the  mat- 
ter. He  Avas  quite  satisfied  in  his  OAvn 
mind,  and  Avas  strengthened  in  this 
opinion  by  Prof.  Morris's  remarks, 
that  there  Avas  good  reason  for  con- 
sideration on  tlie  part  of  the  Committee 
as  to  A\hether,  in  addition  to  tlie  mini- 
mum horizontal  illumination,  it  Avould 
not  be  a  Avise  tiling  to  fix  other  con- 
siderations in  the  proposed  standard 
specification. 

The  Chairman  mentioned  that  he 
had  called  upon  Mr.  Allen  after  what 
Mr.  Bailey  had  said  because  he  thought 
that,  as  Vice-President  of  the  Institu- 
tion of  Gas  Engineers,  he  miglit  desire 
to  inake  some  comment  upon  Avhat  Mr. 
Bailey   had   said  with   regard   to   Mr. 


Abady's  remarks  at  the  Institution  of 
Gas  Engineers'  meeting.  It  Avas  only 
fak  to  Mr.  Abady  to  say,  on  behalf  of 
the  Council  of  the  Institution  of  Gas 
Engineers,  that  the  discussion  at  Avhicli 
he  spoke  was  a  discussion  invited  by 
the  Council,  without,  certainly,  any 
knoAvledge  in  their  minds  that  they  were 
in  any  way  committing  any  breach  of 
confidence  in  instituting  a  discussion 
upon  the  specification  after  it  had  been 
referred  to  them  for  consideration. 
Mr.  Abady  Avas  specially  invited  by  the 
Institution  to  express  his  vieAvs  on  the 
matter,  and  any  responsibility  for  his 
having  done  so  rested,  not  Avith  him, 
but  Avith  the  Institution  of  Gas  Engi- 
neers. He  thought  it  Avas  only  fair 
to  Mr.  Abady  that  this  explanation 
should  be  made. 

Mr.  Allen  said  he  quite  agreed  Avith 
Avhat  the  Chairman  had  said. 

Mr.  Roger  T.  Smith  (Great  Western 
Raihvay)  hoped  that  a  few  observations 
on  the  specification  as  a  result  of  some 
experience  in  lighting  raihvay  stations 
and  yards  might  not  be  considered 
irrelcA^ant. 

There  seemed  to  him  in  general 
to  be  tAvo  Avays  in  which  a  speci- 
fication could  be  drawn.  First,  the 
metliod  usually  adopted  by  architects 
and  constructional  engineers,  in  Avhich 
every  detail  of  the  work  required 
AA'as  specified,  leaAnng  the  contractor 
to  carry  out  tliese  details,  so  that  the 
man  aa'Iio  drew  the  specification  is 
entirely  responsible  for  the  results. 
Then,  secondly,  tliere  AA'as  quite  a  dif- 
ferent Avay  of  drawing  up  a  specification, 
largely  used  by  those  who  specified 
machinery,  Avhich  simply  asked  for  a 
result,  leaving  the  entire  responsibility 
for  the  Avay  in  Avliich  that  result  Avas 
achieved  Avith  the  contractor.  Between 
these  tAvo  opposite  methods  there  Avere 
certain  A^ariations  combining  some- 
thing from  both,  but  the  thing  Avhich 
seemod  to  be  a  violation  of  all  the 
proper  canons  upon  Avhich  a  specifica- 
tion should  be  framed  Avas  that  com- 
plete details  should  be  specified,  and 
at  the  same  time  the  contractor  made 
responsible  for  tlie  result  for  AA^hich  he 
had  already  really  ceased  to  be  re- 
sponsible.    The    Committee    had    fol- 
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lowed  the  machinery  method  in  that 
they  had  simply  asked  for  a  result  and 
allowed  the  contractor  to  obtain  that 
result,  not  quite  by  any  means  he  chose, 
but  by  means  limited  by  clauses  7  and  8. 
It  seemed  to  him  that  much  of  the 
criticism  the  specification  had  received 
was  due  to  the  fact  that  only  a  result 
was  asked  for.  This  view  seemed 
specially  taken  by  the  representatives  of 
the  Institution  of  Gas  Engineers,  who 
apparently  Avere  not  prepared  to  trust 
the  contractor  to  get  the  results  asked 
for  in  the  best  possible  way,  and  they 
were  especially  doubtful  whether  con- 
tractors using  different  illuminants 
would  use  the  best  means  of  arrivmg 
at  the  same  result,  when  that  result  is 
minimum  horizontal  illumination.  For 
the  past  seven  years  he  had  designed 
all  the  lighting  of  his  railM^ay  stations 
and  yards  on  the  principle  of  minimum 
horizontal  illumination  measured  4  ft. 
from  the  ground,  but  in  future  it 
should  be  measured  at  a  height  of 
1  metre.  One  speaker  had  said  that 
horizontal  illumination  measurement  did 
not  seem  fair  to  the  light,  because  the 
actual  values  were  so  much  less  than  if 
the  direct  ray  was  measured  or  the 
component  on  a  vertical  plane,  while 
quantities  like  variation  factor  were 
clifferent.  jSow  what  the  Committee 
had  been  trying  to  do  Avas  to  save 
people's  time.  %h\  Trotter  had  shown 
years  ago,  and  all  experimenters  agreed, 
that  if  they  measured  the  vertical  com- 
ponent of  illumination  on  a  horizontal 
plane,  the  horizontal  component  mea- 
sured on  a  vertical  plane  was  always 
greater,  except  just  under  the  lamp, 
and  of  course  the  resultant  of  the  two 
components  was  also  greater  than 
either  of  them.  Surely,  if  they  could 
settle  on  what  was  only  a  pure  conven- 
tion— minimum  illumination  on  a  hori- 
zontal plane,  one  metre  from  the  ground 
— if  they  could  possibly  agree  to  use  this 
one  measurement  from  which  all  tlie 
other  values  could  be  calculated,  it  did 
not  matter  at  all  whether  what  they 
really  wanted  was  illumination  on  the 
ground,  or  on  a  vertical  or  inclined  plane, 
for  all  these  quantities  were  greater 
than  the  horizontal  minimum.  For  a 
railway  engmeer  who  had  to  deal  with 
3,000  miles  of  line,  and  who  had  two 


assistants  who  could  occasionally  be 
spared  for  photometric  work,  time  was 
absolutely  essential.  It  would  be  im- 
possible for  him  to  undertake  photo- 
metric illumination  work  at  all  unless 
it  could  be  done  c^uickly,  and  although 
those  responsible  for  street  lighting 
might  be  more  fortunate,  time  was  very 
important  to  them,  and  if  one  measure- 
ment could  be  settled  on,  to  be  upon 
one  plane  quite  arbitrarily  chosen  as 
the  most  convenient  for  measurement, 
but  the  only  plane  which  received  illu- 
mination from  every  possible  source  it 
would  be  a  great  gain  for  scientific 
lighting. 

A  moment's  consideration  showed 
that  the  horizontal  plane  A\'as  the 
only  plane  on  which  by  one  measure- 
ment such  a  result  could  be  achieved. 
In  a  railway  station  in  the  midlands, 
where  experimental  lighting  was  in 
progress,  30  per  cent  of  the  minimum 
horizontal  illumination  of  one  platform 
was  received  from  lamps  35  ft.  away  on 
the  other  platform.  That  was  an 
extreme  case,  but  at  Paddington  station 
the  lamps  on  No.  1  departure  platform 
supplied  16  per  cent  of  the  minunum 
illumination  on  the  opposite  platform 
48  ft.  away.  If  it  was  possible  to 
include  all  this  illumination  by  one 
measurement  on  a  horizontal  plane  in- 
stead of  by  certainly  four,  and  probably 
six  measurements  on  other  planes,  and  a 
lot  of  arithmetic,  and  to  do  it  in  one- 
tenth  of  the  time,  surely  it  was  possible 
to  carry  out  ever  so  much  more  in  the 
way  of  measurement  than  Mas  possible 
if  the  work  was  done  in  a  more  round- 
about way.  If  only  one  result  was 
asked  for  in  the  specification,  that  one 
result  could  only  be  horizontal  illu- 
mmation  and  nothing  else,  and  the 
contractor  was  perfectly  justifie'l  in 
including  in  his  result  all  the  illumma- 
tion  that  he  could  get  from  other  sources 
of  light  or  from  reflection.  On  the 
whole,  he  thought  the  principle  of  the 
specification,  m  asking  for  mmimum 
horizontal  ilhnnination  only,  was  right, 
but  for  railway  ])urposcs  clauses  7  anfl  8 
of  the  specification  Mould  have  to  be 
amplified  a  little.  The  variation  factor  had 
already  been  referred  t(},  and  for  railway 
work  at  least,  and  possibly  for  street 
lighting  also,  the  variation  factor  ought 
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to  be  mentioned.  Perliaps  the  most  con- 
venient way  in  which  to  include  it  was 
to  specify  a  certain  horizontal  minimum 
illumination,  and  also  a  horizontal 
maximum  illumination,  the  latter  of 
which  should  be  stated  within  plus  or 
minus  limits.  Less  conveniently  it 
miglit  be  specified  tliat  the  maximum 
horizontal  illumination  near  to  the 
lamp  should  not  b?  less  than  a  certain 
value,  and  should  not  be  greater  than 
a  certain  value.  Perhaps  if  tlie  Com- 
mittee had  amplified  clause  8  a  little, 
and  added  a.  model  schedule,  showing 
the  sort  of  information  the  contractor 
had  to  give,  opponents  of  the  specifica- 
tion Avould  have  realized  what  complete 
control  the  specification  gave. 

With  regard  to  glare,  he  would  suggest 
an  addition  to  the  specification,  namely, 
to  specify  maximum  intrinsic  bril- 
liancy of  the  ilhiminatrng  source.  There 
was  a  great  deal  of  very  much  adver- 
tized lighting  in  the  streets  of  London 
which  to  his  mind  was  a  perfect  disgrace, 
ovving  to  the  intense  glare  from  the 
lamps.  As  had  been  pointed  out  by 
one  speaker,  people's  eyes  were  so 
dazzled,  and  the  pupil  so  contracted 
by  the  effect  of  glare  from  intensely 
])rig])t  lamps,  that  the  minimum  illu- 
jnination  midway  between  tlie  lamps 
was  hardly  able  to  enter  th.e  eye  at  all. 
He  thoroughly  and  entirely  believed 
in  the  specification  as  it  stood,  and 
intended  to  work  to  it  himself,  but  for 
his  own  purposes  he  should  always 
elaborate  clause  8,  as  well  as  add  a  term 
for  variation  factor,  and  also  limit  the 
intrinsic  brilliancy  of  the  lamp. 

Mr.  W.  R.  Cooper  first  objected 
to  the  expression  "  diversity  factor  "' 
as  applied  to  street  lighting,  as  it 
was  already  commonly  used  in 
another  connexion,  and  would  only 
result  in  confusion.  He  therefore 
strongly  urged  the  expression  "  varia- 
tion factor,"  which  had  alread}^  been 
used  in  street  lighting. 

The  objections  which  had  been  made 
to  horizontal  minimum  illumination 
were  largely  due  to  misconceptions. 
The  only  serious  point  for  consideration 
was  whether  it  was  possible  to  measure 
the  quantity  sufficiently  accurately 
for    penalty    purposes.     It    was    quite 


rational  to  adopt  horizontal  illumina- 
tion as  a  criterion  in  preference  to 
vertical  illumination,  because  the  hori- 
zontal component  reaches  its  limit  of 
usefulness  before  the  vertical  com- 
ponent. Some  speakers  had  objected 
to  the  use  of  horizontal  illumination, 
because  it  could  only  be  apj)lied  directly 
to  SO  per  cent  of  the  streets.  He  did  not 
think  this  w^as  a  serious  objection.  In  a 
great  many  streets  only  ''  beacons  " 
could  be  us?cl  for  lighting,  and  their 
candle-power  could  be  taken  as  the 
means  of  measurement ;  it  gave  a  per- 
fectly definite  result.  But  the  higher 
the  illumination  the  more  difficult  it 
was  to  interpret  the  meaning  of  candle- 
power,  and  the  more  easy  was  it  to 
measure  illumination.  The  Chairman 
had  remarked  that  it  was  essential  that 
the  basis  of  the  specification  should  be 
understood  bj^  the  town  councillor, 
but  perhaps  he  (the  speaker)  would  be 
excused  for  taking  the  view  that  it 
would  be  quite  sufficient  to  mention 
the  class  of  street  for  the  pui'pose  of 
the  town  councillor,  and  leave  the  mea- 
surement and  the  understanding  of 
details  to  the  engineer. 

If  they  did  not  take  the  minimum 
horizontal  illumination  what  was  the 
alternative  ?  Personall}^  he  was  not 
very  clear  from  the  remarks  at  the 
last  meeting  what  the  alternatives 
were.  A  good  deal  had  been  said 
about  normal  raj'  illumination.  Of 
course,  that  was  higher,  and  it  seemed 
to  be  the  idea  that  it  would  lead  to 
more  definite  and  more  easily  found 
results.     That  was  not  necessarily  so. 
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Vui.  1. 

Fig.  1  Avas  a  simple  diagram  show- 
ing how  it  was  impossible  to  get 
a  definite  result  unless  the  candle- 
power  was  the  same  in  all  directions 
in  what  astronomers  called  azimuth. 
In  the  diagram,  which  represented  a 
street  in  plan,  A  and  B  were  lamps 
having  minima  along  rays  A  C  and  B  D 
and  the  minimum  hoi'izontal  illumina- 
tion would  not  be  either  at  D  or  C,  and 
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in  this  case  it  would  not  be  a  simple 
matter  to  find  the  mmimum  jjy  direct 
ray  measurements.  Some  speakers 
were  inclined  to  go  in  for  candle-power, 
but  he  did  not  thinic  the  difficulty 
of  this  method  was  appreciated  as  it 
should  be.  With  high  illumination 
candle-power  was  apt  to  become  in- 
definite, and  errors  might  possibly 
creep  in  from  neighbouring  lamps. 
Further,  what,  for  example,  was  the 
candle-power  of  a  dioptric  globe  ? 
True  candle-power  should  be  the  same 
along  the  whole  length  of  the  ray,  but 
it  might  be  found  that  they  were  not 
getting  different  candle  -  powers  at 
different  points  along  the  same  ray, 
in  which  case  the  measurements  were 
valueless.  Also,  wliat  was  the  result 
with  reflectors,  and  supposing  one  was 
dealing  with  groups  ?      Fig.    2  showed 


ie<^' 


Fig.  2.  -  ShowiiiK  cluster  of  lamps  on  one 
standard  on  the  "(Jreat  White  Way  "  method, 

tlie  street  standards  similar  to  those 
used  on  the  '"  Great  White  Way  "  in 
Newhaven,  U.S.A.  Wliat  ^\•ould  be 
meant  by  the  candle-power  on  the  50° 
ray  in  such  a  case  ?  One  extremely 
great  advantage  of  minimum  or  hori- 
zontal illumination  was  that  it  took 
account  of  every  source  of  light,  and 
might  be  applied  to  every  type  of  lamp 
for  illumination,  past,  present;  and 
future . 

Mr.  Roger  Smith  liad  referred  to 
glare,  and  he  (tlie  speaker)  also  did  not 
feel  quite   happy  about  that  subject. 


It  was  not  referred  to  in  the  specifica- 
tion, although  Mr.  Trotter  had  men- 
tioned it  in  his  paper.  According 
to  the  specification,  one  might  take  a 
street  in  Class  A  and  raise  it  to  Class  E 
by  increasing  the  candle-power  ten 
times  witliout  raising  the  lamps.  One 
miglit  equally  double  the  heiglit  of 
the  lamps  and  use  a  lower  candle- 
power.  Would  the  result  be  the  same  ? 
He  did  not  think  so.  He  thought  it 
would  be  much  more  unsatisfactory 
with  ten  times  the  candle-power,  and 
therefore  tins  sliould  be  taken  into 
account  in  some  wa,y.  Much  depended 
on  the  intrinsic  brilliancy  of  the  source  ; 
a  great  deal  also  depended  on  the 
variation  factor,  and  that  rendered 
the  whole  question  rather  difficult. 
The  intrinsic  brilliancy  of  the  source 
might  be  decreased  considerably  in 
the  future,  and  therefore  it  was  a 
little  difficult  to  specify  merely  a 
certain  variation  factor. 

Another  point  was  the  question  of 
the  plane  on  which  the  illumination 
was  measured.  Various  planes  had 
been  suggested — 3ft.,  3  ft.  3  in.,  4ft., 
5  ft.,  and  1  metre.  The  reason  for 
selecting  3  ft.  3  in.  in  the  specification 
was  merely  that  this  was  a  convenient 
height  for  measurement,  and  was  nearly 
1  metre.  Nevertheless,  in  e very-day 
use  the  pedestrian  used  tlie  hori- 
zontal illumination  on  the  street  sur- 
face, not  one  meti'c  above  it.  Per- 
sonally, he  used  the  horizontal  illu- 
mination on  the  street  surface 
more  than  the  vertical  component. 
When  driving  a  motor-car,  for  instance, 
one  looked  at  the  road  surface.  There 
seemed  to  be  some  confusion  in  peo- 
I^le's  minds  as  to  horizontal  illumina- 
tion and  vertical  illumination.  They 
seemed  to  think  tliat  it  was  necessary 
to  have  the  horizontal  illumination  at 
3  ft.  3  in.  in  order  to  see  one's  Avatc-h, 
or  recognize  one's  friends,  but  for  such 
purposes  the  vertical  illumination  was 
really  used,  not  the  horizontal.  There 
seemed  no  sound  reason  for  measuring 
horizontal  ilhnnination  at  a  height  of  one 
metre  when  it  was  re((uired  at  the  street 
surface.  Because  it  had  l)een  so  measured 
in  the  past  Mas  no  reason  why  it  should 
continue  to  be  so  measured.  More- 
over, it  was  unscientific  and  introduced 
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a  variable  error.  As  to  whether  this 
error  uas  serious  from  the  point  of 
view  of  measurement  depended  upon 
the  height  of  tlie  posts  and  distance 
apart.  Mr.  Trotter  stated  that  the 
error  was  iaappreeiable  at  distances 
bej^ond  one  and  a  half  times  the  height 
of  tlie  lamj)  posts  away  from  the  lamp. 
That  was  only  iDartially  true.  JVL:. 
Trotter  also  stated  m  bis  book  on 
illumination  that  the  error  was  negligible 
if  the  posts  Ave  re  not  less  than  18  ft. 
in  height.  They  might,  however,  have 
to  deal  \\ith  lower  j)osts,  and  as  the 
error  increased  as  the  height  was  dim- 
inished the  lower  posts  -would  be  penal- 
ized. Taking  an  actual  case  of  lamps 
at  heights  of  20  ft.  and  12  ft.  respec- 
tively with  posts  100  ft.  apart  the 
following  results  were  obtained  : — 
20  ft.  j)oles  {i.e.,  to  source  of  light.) 

3  ft.  3  in.  plane  reduces  minimum 
horizontal  illumination  by  10  per 
cent. 

3  ft.   3  in.   plane  increases  variation 
factor  bj^  57 i  per  cent. 
12  ft.  jjoles  {i.e.  to  source  of  Hglit.) 
3  ft.  3  in.  plane  reduces  minunum  hori- 
zontal illumination  by  25  per  cent. 

3  ft.  3  in.  plane  increases  variation 
factor  by  154  per  cent. 

These  figures  showed  hoAV  unfair 
the  use  of  such  a  plane  could  be  in 
making  comparisons.  The  question 
was  not  merely  one  of  academic 
interest,  because  the  use  of  low  posts 
seemed  to  be  on  the  increase.  If  glare 
was  avoided,  as  in  the  Great  White 
Way  lamps  (of  which  one  example 
might  be  seen  outside  tlie  shoA\'rooms 
of  the  Brompton  and  Kensington 
Co.,  near  Earl's  Court  Station),  there 
was  no  objection  to  low  posts.  He 
therefore  hoped  that  the  Committee 
would  not  adopt  a  system  which  was 
not  only  unscientific  but  led  to  false 
comparisons.  Xo  basis  should  be 
adopted  which  might  place  future 
systems  at  a  disadvantage. 

Mb.  Jacques  Abady  in  the  course 
of  his  criticism  of  the  specification, 
first  of  all  thanked  the  Council  of 
the  Society  for  the  opportunity 
afforded  him  as  a  visitor  of  voicing 
his  views  as  to  what,  to  him,  A\as  a 
very    important    subject.      He   would 


open  his  remarks  by  referring  to  a 
phrase  \\ hich  occurred  in  Mr.  Trotters 
])aper.  After  saving  that  there  had 
been  various  suggested  forms  of  speci- 
fication discussed,  and  that  the  Insti- 
tution of  Gas  Engineers  objected  to  the 
fundamental  basis  of  the  specification, 
the  author  went  on  to  remark  :  "  The 
Joint  Committee,  in  these  circum- 
stances, were  reluctant  to  take  any 
further  steps  until  an  attempt  had 
been  made  to  review  the  problem,  and 
to  give  an  opportunity  for  a  full  de- 
bate upon  it."  It  was  because  the 
Joint  Committee  had  done  this  that 
he  Mas  able  to  be  there  that  evening, 
and  tliat  those  present  were  able  to 
listen  to  the  ver\'  interesting  remarks 
that  liad  fallen  from  tlie  lips  of  those 
who  had  already  spoken.  But  it 
really  did  strike  him  as  being  some- 
what extraordinar}^ — if  he  might  ven- 
ture to  say  so  with  very  great  respect 
and  with  a  certain  amount  of  egotism — 
that,  if  it  had  not  been  for  his  lament- 
able outburst  at  the  Institution  of  Gas 
Engineers,  the  specification  A\hich  had 
found  a  good  deal  of  tacit  acceptance 
or  acquiescence  for  want  of  Siuy  con- 
sidered opposition  might  now,  he  be- 
lieved, have  been  a  fait  accompli.  It 
seemed  to  him  to  be  an  extraordinary 
proceeding  to  have  drafted  a  specifica- 
tion, and  bring  it  apparently  down 
to  the  point  of  accepting  it  (if  his  view 
was  correct),  and  then  afterwards  to 
hold  a  meeting  in  order  to  "  review 
the  problem."  He  was  reHeved  to  find 
that  Mr.  Trotter's  paper  Avas  simply  a 
summary  of  the  deliberations  and  find- 
ings of  the  Committee,  because  he  w^as 
well  aAsare  that  he  had  expressed  him- 
self as  strongly  adverse  to  the  specifi- 
cation. But,  as  the  matter  was  put 
impersonally,  it  reHeved  him  of  the 
resi:)onsibility  of  having  to  denj^  any 
charge  that  he  had  been  guilty  of  any 
disrespect  to  the  learning  or  expe- 
rience of  any  individual  member  of 
the  Committee.  And,  speaking  again 
personally,  might  he  say  that  no  one 
in  the  room  .shared  more  than  he  did 
admiration  for  ]Mi'.  Trotter,  and  the 
great  amount  of  useful  work  he  had 
done  on  the  subject  of  illumination. 

But  he  could  not  lose  sight  of  the 
fact    that    it    was    twentv-four    vears 
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since  he  (Mr.  Abac^y)  first  did  photo- 
metrical  work,  and  some  tAventy  years 
since  he  designed  his  first  photometer  ; 
and  from  tlie  aspect  pureh^  of  years 
of  constant  testing  and  experience  he 
did  claim  tlie  right  to  make  his  voice 
heard  in  no  uncertain  way,  without 
being  accused  of  being  dogmatic  or 
conceited  in  giving  expression  to  his 
views  as  he  did  at  the  meeting  of  the 
Institution  of  Gas  Engineers,  and  as 
he  intended  to  do  that  night.  He 
admitted  tliat  tlie  phrase  he  then  used, 
and  wliicli  liad  been  quoted,  was  not 
worded  in  the  way  he  should  have 
worded  it  had  he  known  he  was  to  be 
invited  to  attend  the  present  meeting. 
(Laughter.)  But  still  it  Avas  more  a 
question  of  manners  and  phraseology 
than  anything  else.  There  were  two 
ways  of  describing  one's  views.  Mr. 
Winston  Churchill,  for  instance,  called 
a  lie  a  "  terminological  inexactitude  "  ; 
but  he  was  not  at  all  certain  that  the 
direct  way  was  not  the  right  and  the 
best  way  after  all.  He  might,  perhaps, 
have  put  his  views  in  a  more  ]iolite 
manner  ;  but  honestly  he  could  not  go 
back  from  the  opinion  his  words  were 
intended  to  convey — ^viz.,  that  this 
specification  was  absolutely  and  com- 
pletely wrong  from  beginning  to  end. 

Mr.  Roger  T.  Smith  had  said  there 
were  two  ways  of  draAsing  a  specifica- 
tion. There  were — tlie  riglit  A^ay  and 
the  wrong  way.  And  this  was  the 
wrong  way.  The  specification  was 
completely  wrong  from  beginning  to 
end.  When  he  got  hold  of  it  and  read 
it  through,  and  learned  that  the  Society 
of  Illuminating  Engineers  were  going 
to  discuss  it,  he  rubbed  his  eyes,  and 
wondered  whether  he  was  dreaming. 
The  specification  was  far  removed  from 
anything  that  A\'as  likely  to  be  of  any 
service  to  any  individual,  and  it  was 
amazing  that  they  were  actually  called 
upon  to  discuss  it  seriously.  It  was 
only  right  that  he  should  give  tlie 
reasons  as  to  Avhy  he  held  these  vicAvs. 
The  first  was  this  :  The  specification 
purported  to  deal  Avith  contracts  for 
street  lighting — with  contracts  made 
betAveen  a  supplier  on  the  one  hand, 
and  a  council  on  the  other.  It  set  up 
a  certain  standard  minimum  illumina- 
tion,   measured   in   a    particular   Avay, 


measured  in  tAAi'o  ways — in  tAvo  alterna- 
tive Avaj^s  if  they  liked.  It  admitted 
ab  initio  that  80  jier  cent  of  the  light- 
ing of  the  country  coidd  not  be  mea- 
sured under  the  terms  of  the  specifica- 
tion. Was  that  a  correct  statement, 
or  an  incorrect  one  ?  Either  it  was 
right  or  it  Avas  not.  Either  one  could 
measure  80  per  cent  of  the  street  light- 
ing in  the  Avay  prescribed  in  the  speci- 
fication or  one  could  not.  He  said 
that  it  could  not  be  done,  and  it  Avas 
admitted  by  ]\Ir.  Trotter  that  it  could 
not  be  done.  Certain  measurements 
and  calculations  could  be  made,  and 
certain  results  produced.  This  Avas  not 
the  same  thing  ;  and  it  Avas  his  A'ie-v 
and  experience  that  the  theoretical 
ascertainable  horizontal  illumination 
deduced  from  the  sum  of  different 
illuminations  did  not  agree  Avith  the 
hoiizontal  illumination  that  Avas  ob- 
tained by  a  smgle  direct  measure- 
ment. And  he  thought  that  Prof. 
Morris's  explanation— he  (Mr.  Abady) 
would  rather  call  it  an  excuse — ^Avas 
AA'elcome  testimony  on  this  pomt. 

The  next  thing  Avas  that  the  specifi- 
cation prescribed  mimimum  illumina- 
tion. Before,  hoAvever,  he  AAcnt  any 
further,  he  might  deal  with  the  point 
one  speaker  made — that  although  the 
specification  set  up  a  standard  of  mini- 
mum horizontal  illumination,  yet  the 
position,  heights,  and  distances  apart 
of  the  lamp-posts  had  also  to  be  given 
by  the  tenderer  or  contractor.  Wiiat 
he  (Mr.  Abady)  suggested  Avas  that, 
if  they  had  two  lamps,  10  feet  high, 
100  ft.  apart,  and  a  100  candle-poA\er 
lamp  on  each  and  giving  .r  foot-candles, 
the  utility  of  these  lamps  arose  be- 
cause they  were  10  ft.  high,  100  ft. 
apart,  and  had  100  candle  -  poAver 
lamps  upon  them,  and  not  because 
tliey  happened  to  giA^e  a  certain  theo- 
retical horizontal  illumination  3  ft.  3  in. 
above  the  road  IcacI.  Tiiey  could  not 
divorce  the  one  from  the  other.  If 
there  Avas  any  virtue  in  the  lamp  on 
the  post,  it  Avas  because  it  Avas  a  lamp 
on  a  post,  and  not  because  the  lamp 
on  the  post  gave  an  illumination  read- 
ing made  in  a  particular  way.  It 
folloAved  that  obviously  the  proper 
Avay  Avas  to  measure  the  candle-poAver 
of  the  lamps,  the  positions  and  heights 
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of  which  had  to  be  specified.  The 
point  was,  as  he  had  said,  that 
tli(;  specification  prescribed  minimum 
illumination.  Now  he  had  been  taught 
that  before  one  could  cook  a  hare  it 
was  necessary  to  catch  it.  The  term 
minimum  connoted  a  search  for  the 
minimum  ;  and  if  it  connoted  a  search 
fpr  the  minimum,  it  left  a  great  deal 
to  the  discretion  of  the  person  making 
the  test.  He  suggested  that  if  one 
v\'anted  to  find  the  minimum  one  had 
to  explore  the  streets,  so  as  to  know 
that  one  had  got  the  minimum.  He 
made  this  point  ^vith  all  seriousness. 
He  would  even  sweep  aside  any  want 
of  bona  fides  on  the  part  of  a  local 
authority — ^\vho  wanted  to  penalize 
the  supplier.  In  order  to  find  the 
minimum  one  would  have  to  search 
for  it  ;  and  that  involved  making 
tests  otherthan  the  minimum.  If  this 
was  true,  then  surely  it  meant  that 
the}'  could  not  go  about  the  thing  in 
the  simple  sort  of  way  suggested  by 
merely  taking  a  "  cigar  box  "  photo- 
meter from  one's  pocket,  making  a 
test,  and  then  saying  that  is  the  mini- 
mum. One  could  not  get  the  mini- 
mum without  some  means  of  defi- 
nitely knowing  whether  or  not  it  was 
the  minimum.  The  argument  urged 
in  favour  of  the  minimum  horizontal 
— viz.,  that  it  was  so  simple  and 
could  be  done  instanth^ — therefore 
fell  to  the  ground.  The  next  point 
was  the  horizontal  illumination.  If 
the  minimum  was  a  matter  which  did 
not  afferd  any  basis  of  comparison 
between  one  street  and  another,  then 
with  how  much  greater  force  did  he 
same  contention  apply  to  the  mini- 
mum horizontal  illumination.  It  Avas 
said  "  quos  Deus  vult  perdere,  prius 
dementat "  ;  and  Avhatever  pos- 
sessed the  Committee  in  putting  Mr. 
Haydn  Harrison's  table  at  the  end 
of  their  specification,  as  evidence  of 
the  comparison  of  horizontal  illum- 
ination, he  could  not  imagine.  If  the 
minimum  hoi'izontal  illumination  was 
a  proper  test  of  the  comparison  of 
the  lighting  in  one  street,  and  if  in 
another  street  it  was  the  comparison 
of  the  lighting  of  a  street  in  terms  of 
itself,  or  of  any  standard,  then  the 
table  had  a  bearing  on  the  accuracy 


or  otherwise  of  this  as  a  comparison, 
because  it  was  the  basis  on  which  80 
per  cent  of  the  illumination  of  the 
streets  was  to  be  arrived  at.  He  did 
not  know  that  he  could  make  this 
table  look  more  absurd  than  had  been 
done  already,  but  he  would  try. 

If  they  took  lamps  spaced  100  ft. 
apart,  with  posts  10  ft.  high,  the 
table  said  they  required  lamps  of 
95' 5  canclle-power  in  order  that  the 
sum  of  two  lamps  should  give  a  mini- 
mum horizontal  illumination  of  001 
foot-candle.  Suppose  a  badly  lighted 
street— lighted  he  would  say  by  gas, 
and  not  bj'  electricty,  as  he  Avanted  to 
be  impartial,  and  because  the  Chair- 
man was  avowedly  a  gas  man — 
supposing  it  was  lightecl  by  flat- 
flamed  gas-burners  (he  did  not  knoAV 
that  there  were  many  streets  in  exis- 
tence that  Avere  so  lighted),  supposing 
then  that  somebody  Avho  Avas  inte- 
rested in  the  conversion  of  gas-lamps 
to  electric  lamps  came  along  and  saAV 
these  posts  10  ft.  high  and  100  ft. 
apart,  and  said  to  the  local  council  : 
"  I  see  that  you  have  flat-flame 
burners  consuming  6  or  8  ft.  of  gas, 
I  can  supply  you  with  100  watt  lamps 
Avhich  Avill  giA^e  you  95'5  candles." 
He  (Mr.  Abady)  Avas  assuming  for  the 
moment  that  there  AA^as  such  a  thing 
as  a  "  one-Avatt  "  lamp.  The  gas 
man  (avIio  Avas  not  ahvays  such  a  fool 
as  he  looked),  would  turn  up  this 
illuminating  engineer's  specification, 
cind  he  would  find  to  his  joy  that  if 
he  doubled  the  height  of  his  post, 
and  put  on  incandescent  gas-burners, 
using  two  cubic  feet  of  gas  an  hour,  he 
could  easily  get  43"8  candles.  Accord- 
ing to  the  table,  the  lighting  Avould 
be  precisely  the  same.  Would  that 
be  fair  to  the  man  Avho  wanted  to 
light  the  streets  by  electricity  ?  He 
(Mr.  Abacly)  Avould  ask  any  man  in 
the  room  to  say  AA'hether,  as  a  matter 
of  actual  fact,  Avhether  as  a  matter  of 
practical  utility,  lights  of  43' 8  candles 
on  20  ft.  posts,  100  ft.  apart,  Avould 
give  the  same  illumination  as  lights 
of  95-5  candles  on  10  ft.  posts  the  same 
distance  apart.  Was  it  not  an  ab- 
surd it}'  ?  He  asked  the  Committee 
Av^h}'  not,  A\'itliout  further  ado,  take  the 
Avhole  thincj  back  and  reconsider   it  ? 
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Look  at  the  table  from  another  point 
of  view.  Supposing  they  were  going  to 
alter  the  distance  apart  of  the  lamps  ; 
supposing  the}^  were  100  ft.  apart,  and 
10  ft.  high,  and  were  giving  a  light 
of  95" 5  candles,  they  had  only  to  move 
them  10  yards  (30  ft.)  further  apart, 
and  the  table  said  that  they  woidd 
have  to  more  than  double  the  illumi- 
nating power  in  order  to  give  the  same 
illumination.  Was  not  that  ridiculous  ? 
If  people  would  only  thresh  out  the 
table,  they  would  see  what  an  absurdity 
the  basis  of  comparison  was,  and  that 
mmimum  horizontal  illumination  as  a 
basis  was  altogether  absurd.  Ho 
could  not  say  more. 

He  was  glad  to  hear  Mr.  Cooper  con- 
firm his  condemnation  of  horizontal 
minimum  illumination  ;  and  he  did  so 
quite  from  another  point  of  view — 
that  was  to  say,  to  make  a  horizontal 
test  3  ft.  3  in.  from  the  ground  did 
not  set  up  a  proper  degree  of  compari- 
son between  high  and  low  posts.  He 
(Ml'.  Abady)  emphasized  this  point  at 
the  celebrated  meeting  at  the  Institu- 
tion of  Gas  Engineers,  when  he  took 
leave  of  his  senses  and  manners. 
(Laughter).  And  now  he  was  con- 
firmed months  afterwards  by  Mr. 
Cooper,  who  represented  an  entirely 
different  interest.  While  the  basis  of 
the  specification  might  all  be  true 
theory,  it  was  theory  run  mad. 

Horizontal  illumination  never  was, 
never  could  be,  and  never  would  be  a 
true  comparison  between  one  system 
of  lighting  and  another.  He  said  with 
every  confidence — he  was  rather  an 
unassuming  man  with  a  fair  amount  of 
self-confidence  (Laughter) — that  they 
could  not  dissociate  the  lighting  effect, 
first  from  the  source,  and  secondly 
from  what  was  being  illuminated.  They 
could  not  dissociate  illumination  from 
the  source  nor  from  the  surface  ^\'hic!^ 
received  it.  Thev  saw  everything  not 
by  the  light  which  fell  upon  it,  but  by 
the  reflection  from  it.  They  did  not 
see  anything  in  any  other  way  but  by 
reflection.  On  this  point  again,  and 
without  any  collusion,  Mr.  Cooi)er  came 
to  his  rescue.  Mr.  Cooper  said  that 
the  horizontal  illumination  that  they 
wanted  was  the  horizontal  illumina- 
tion on  the  street  surface.     Preciselv. 


If  this  was  so,  then  was  not  the  value 
of  this  illumination  dependent  upon 
the  nature  and  condition  of  the  surface 
and  the  position  of  the  source  from 
Mdiich  the  light  fell  ?  The  reason 
3  ft.  3  in.  was  chosen  was  because  it 
was  possibly  a  convenient  height.  It 
meant  nothing  ;  it  was  nothing.  They 
did  not  have  horizontal  illumination 
3  ft.  3  in.  high.  The  apparatus  used 
for  lighting  the  streets  was  not  for 
the  jjurpose  of  illuminating  anything 
3  ft.  3  in.  high. 

Having  made  these  remarks,  he  did 
urge  that  he  should  be  taken  seriously, 
and  not  be  considered  discourteous 
because  he  Avas  expressing  himself  with 
great  emphasis.  Mr.  Cooper  had  made 
some  interesting  points  as  to  the  pos- 
sible difficulty  of  measuring  tlie  illumi- 
nating iDower  of  lights  fitted  with 
dioptric  globes,  and  had  referred  to 
the  same  difficult}'^  with  groups  of 
lamps  such  as  were  used  in  what  was 
known  bv  their  American  friends  as  the 
"  Creat  White  Way."  That  diPficulty 
could  be  got  over  by  simply  specifying 
and  reading  in  "  foot-candles  on  the 
normal  at  certain  specified  angles,"  just 
as  in  the  Westminster  specification, 
but  omitting  the  calculation  to  con- 
vert this  reading  into  candle-pOAver 
of  the  source.  It  amounted  to  exactly 
the  same  thing. 

He  was  in  favour  of  the  West- 
minster specification,  with  Avhich  he 
had  something  to  do  when  he  was 
Chairman  of  the  Lighting  Commitee 
of  that  Corporation,  because  Avhat 
they  got  on  the  photometer  in  the 
street  was  a  true  reading  represent- 
ing so  many  candles.  It  would  be 
exactly  the  same  thing  as  he  had  just 
said,  if  they  specified  posts  so  many 
feet  high,  so  many  feet  apart,  and 
producing  normal  illumination  of  so 
many  foot-candles  at  an  angle  of  so 
many  degrees.  In  the  paper,  Mr. 
Trotter  asked  -wluit  were  the  local 
authorities  out  to  buy,  and  an- 
swered his  own  question  by  saying, 
"  not  lamps,  not  candle-power,  but 
illumination."  If  Mr.  Trotter  could 
phrase  his  sentence  in  this  way 
—  "What  are  they  out  to  buy? 
not  lamps,  not  candle  -  power,  but 
minimum    horizontal    illumination" — 
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then  he  (JNIr.  Abacly)  -would  say  tliere 
was  some  justification  for  the  paper. 
He  challenged  Mr.  Trotter  to  add 
these  -words.  But  he  kneA\-  lie  could 
not,  because,  thovigh  the  specification 
dealt  with  minimum  horizontal  illu- 
mination, Mr.  Trotter  knew  very  well 
that  that  was  not  what  they  were  out 
to  bu3^  The  specification  of  the  illu- 
mination left  out  of  consideration 
everything  else — such  as  glare,  &c. 
It  was  evident  from  the  sign  given  by 
tlie  Chairman  that  he  had  come  to  the 
end  of  his  time.  But  he  must  remark 
tliat  the  specification  and  paper 
simply  bristled  with  inconsistencies. 
In  one  place  it  said  an  error,  under 
normal  circumstances,  of  1  degree  of 
angle  of  inclination  of  the  photometer 
made  an  error  of  10  per  cent.  Yet 
the  specification  said  a  photometer 
would  be  considered  suitable  if  they 
could  measure  angles  to  2  degrees  ! 
Therefore,  they  could  get  20  per  cent 
error  from  this  source  alone  and  still 
comply  with  the  specification.  Was 
not  that  another  absurdit}^  ? 

But  whatever  specification  was 
adopted,  if  one  Avere  adopted,  he 
should  urge  that  Classes  ''  A  "  to 
"  E  "  should  be  revised.  To  put  the 
point  briefly,  there  was  too  much 
difference  between  the  classes — ^that 
was  to  say  the  middle  Class  "  C,"  for 
instance,  had  a  minimum  of  0"04  foot- 
candle  ;  so  that  a  street  that  had  a 
minimum  of  0039  foot-candle  would 
come  into  Class  "  B,"  the  minimum 
for  whicli  was  0025  foot-candle. 
There  A\as  tlius  a  diversity  of  over 
50  per  cent  in  the  same  class.  If 
they  were  going  to  ask  a  contractor 
to  comply  Avitli  the  illumination  under 
these  clauses,  then  they  Avere  going 
to  give  him  a  margin  of  50  per  cent. 
He  knew  what  the  reph^  would  be — 
that  the  contractor  a\  as  going  to  work 
to  a  specific  horizontal  minimum 
illumination,  and  that  what  he  gave 
over  this  did  not  matter.  This  did 
not,  however,  affect  the  looseness  of 
the  specification,  which  he  {Mr.  Abady) 
could  not  help  condemning  from  every 
point  of  view  and  from  beginning  to 
end. 

Mr.     Leon    Gaster    congratulated 


Air.  Trotter  on  his  paper — ^HTitten  and 
delivered  with  his  inimitable  charm  and 
skill.  At  the  same  time  he  would  like  to 
give  some  account  of  the  history  of  how 
the  paper  came  to  be  written,  as  there 
seemed  to  have  been  some  misappre- 
hension on  this  point. 

It  would  be  recalled  that  the  idea 
of  a  street-hghting  specification  dated 
from  Mr.  Haydn  Harrison's  paper 
before  the  Institution  of  Electrical 
Engineers  in  1910.  A  suggestion  made 
in  the  course  of  the  discussion  of  this 
paper  led  the  lUummating  Engineering 
Society  to  appoint  a  committee  on  this 
subject.  Almost  immediately  after- 
wards an  invitation  was  received  for 
the  Institution  of  Electrical  Engineers 
to  co-operate  Avith  that  institution  in 
forming  a  joint  committee.  The  Illu- 
minating Engineermg  Society  gladlj- 
fell  in  Avith  this  suggestion,  but  desired 
that  the  cbaft  specification,  before  being 
published,  should  be  referred  to  the 
Illuminating  Engineering  Society  for 
an  open  discussion  on  tlie  points  raised. 

At  the  beginning  of  the  present 
session  it  occurred  to  the  Council  that  a 
paper  on  street  lighting  AA'ould  be  Avel- 
come  to  members  of  the  Illuminating 
Engineering  Society,  and  they  A^ery 
naturally  approached  Mr.  Trotter,  Avho 
had  been  so  long  identified  AA'itli  this 
subject.  At  JNIr.  Trotter's  suggestion 
the  paper  vA^as  deferred  till  the  end  of 
tlie  session,  in  the  liope  that  tlie  draft 
specification  AA'ould  be  aA^ailable,  and 
permission  granted  to  make  use  of  all 
information  brought  before  the  com- 
mittee. As  a  matter  of  fact,  the  trend 
of  cA'ents  led  the  A^arious  societies 
interested  to  regard  this  as  a  most 
faA'ourable  opportunity  for  presenting 
the  specification  in  the  rough  form,  so 
as  to  secure  a  public  discussion  on  the 
impartial  platform  provided  b}'  the 
Illuminating  Engineering  Society.  They 
Avould  see,  1:herefore,  that  from  the  A^ery 
first  the  Society  had  kept  this  point  in 
A-icAA^.  foreseeing  that  it  Avas  in  a  position 
to  provide  a  common  meetmg-place, 
Avhere  the  representatiA^es  of  the  A^arious 
societies  interested  could  meet  and 
exchange  vicAvs. 

In  conclusion,  Mr.  Gaster  said  that 
he  did  not  propose  to  discuss  the  speci- 
fication  at  that  stage,  but  he  Avould 
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like  to  remind  those  present  that  agree- 
ment on  a  general  specification  of  this 
kind,  applicable  to  all  toAvns  in  the 
country,  would  bo  a  gi'eat  achievement. 
A  specification  that  covered  such  a  ^vide 
range  must  be  general — not  parochial. 
One  should  not,  therefore,  only  loolv 
at  the  points  to  be  criticized,  but  should 
also  remember  how  much  there  A^as  in 
the  specification  that  was  generally 
accej)table  and  beneficial,  and  endea- 
vour to  see  how  the  conflicting  points 
of  view  could  be  reconciled.  If  the 
Illuminating  Engineering  Society  could 
but  succeed  in  bringing  about  this  agree- 
ment, it  would  have  accomplished  a 
magnificent  piece  of  Avork. 

]Me.  F.  W.  Goodenough  {communi- 
cated) : — Mr.  Trotter,  in  his  reply  at  the 
meeting,  laid  gi'eat  stress  upon  the  fact, 
which  he  considered  went  far  to  prove 
the  soundness  of  the  specification,  that 
the  classification  of  streets  made  by  the 
surveyors  as  the  result  of  an  inspection 
of  their  lighting  by  night  was  in  agree- 
ment to  a  considerable  extent  with  a 
classification  of  the  same  streets  ac- 
cording to  minimum  horizontal  illu- 
mination measurements — though  there 
were,  it  should  be  noted,  verj^  material 
divergences  in  some  instances. 

There  is  no  doubt,  moreover,  that 
the  surveyors  and  their  institution 
have  been  led  to  approve  the  draft 
specification,  largely  because  of  this 
same  approximate  agreement  between 
the  classification  based  upon  the  obser- 
vation of  their  members  and  that  based 
upon  minimum  illumination  readings. 

I  should  therefore  like  to  point  out 
the  radical  unsoundness  of  the  argu- 
ment, and  to  ask  the  surveyors  to 
give  careful  consideration  to  tlie  matter. 

If  the  ligliting  of  the  streets  which  the 
surveyors  inspected  had  been  planned 
and  carried  out  by  contractors  working 
to  the  specification  as  drafted,  then 
it  might  well  have  been  urged  (though 
it  still  would  not  ha\'e  been  true)  that 
lighting  of  a  certain  gi-ade  of  value 
would  always  be  produced  in  a  street 
if  a  certain  minimum  horizontal  illu- 
mination -were  specified,  l^ut  that 
M'as  not  the  case,  and  that  is  where  the 
radical  fallacy  of  the  argument  lies. 

The  lighting  of  the  streets  surveyed 


was  designed  and  carried  out  on  the 
usual  plan  of  deciding,  by  experience 
and  by  experiment,  what  number  of 
lamps  of  a  certain  description,  placed 
on  columns  of  a  certain  height,  would 
give  the  kind  of  illumination  that  was 
desired  or  could  be  afforded  in  those 
streets. 

The  lamps  on  those  posts  at  certain 
distances  apart  produced  the  illumina- 
tion of  the  streets  which  the  surveyors 
classified  as  A,  B,  C,  or  D,  according 
to  their  impression  of  that  illumination 
on  inspecting  the  streets.  But  that 
effect,  that  optical  impression,  Avas 
produced  by — ^what  ?  By  the  follow- 
ing factors,  in  combination  : — 

The  apparent  brightness  of  the 
lamps. 

The  height  of  the  lamps  above  the 
street. 

The  distance  of  the  lamps  apart. 

The  maximum  illumination  in  the 
street. 

The  gradation  of  maxmium  down 
to  minimum  illumination  in  the 
street. 

The  minimum  illumination  in  the 
street. 

All  these  factors,  not  the  last  one 
only,  go  to  make  up  the  good,  bad, 
or  indifferent  lighting  of  a  street. 

If  in  two  streets  you  have  about  the 
same  number  of  lamps  of  similar  power 
on  columns  of  similar  height,  you  will 
get  about  the  same  maximum,  average, 
and  minimum  horizontal  illumination. 

By  a  different  number  of  lamps 
of  different  power  on  columns  of 
different  height,  you  can  get  the  same 
minimum  horizontal  illumination,  but 
a  different  maximum  and  a  different 
average  illumination  —  a  differently 
lighted  street  altogether,  such  as  no 
survej^or  would  class  with  the  others. 

Is  it  not  then  obviously  illogical 
to  say  that,  to  ensure  that  a  street 
shall  be  lighted  up  to  a  certain  standard, 
it  is  only  necessary  to  specify  the 
minimum  illumination  which  the  con- 
tractor is  to  give,  leavmg  it  to  him  to 
give  Avhat  maximum  and  average  illu- 
mination he  chooses  ? 

I  am  quite  sure  that  Mr.  Trotter 
(and  the  surveyors)  Avill,  on  further 
consideration  of  the  matter,  agree  that 
minimum    horizontal    illumination    is 
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not    an    adequate    basis    for    either    a 
specification  or  a  contract. 

Mb.  N.  W.  Prangnell  {communi- 
cated) : — ^I  do  not  wish  to  say  much 
with  regard  to  the  controversy  as  to 
whether  illumination  or  candle-power 
tests  should  be  taken  for  the  specifica- 
tion in  question.  What  little  experi- 
ence I  have  had  with  maintaining 
street  lightmg  under  a  specification 
including  a  candle-power  clause  has 
clearly  shown  that  this  is  a  most  diffi- 
cult and  intricate  method  to  emplov, 


What  I  particularly  wish  to  take 
this  opportunity  of  doing  is  to  foUoAV 
Mr.  Darch  m  his  remarks  on  the  ques- 
tion of  glare.  I  am  sorry  that  I  cannot 
see  in  the  suggested  specification  anj^ 
clause  that  will  restrict  the  objection- 
able glare  obtained  from  so  many  of  the 
modern  light  sources.  I  do  not  think 
that  it  should  be  left  an  open  question 
as  to  whether  a  powerful  fight,  giving 
its  iUumination  from  quite  a  small 
area  should  be  placed  at  a  height  of 
either  12  ft.  or  20  ft.  I  strongly  ad- 
vocate that  a  clause  should  be  inserted 
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Area  of  Illuminant  exposed  to  the  eye  (sq.  ins.). 

Fig.  1.    Curve  showing  suggested  heights  at  which  illuminants  of  various  candle- 
powers,  and  different  areas  exposed  to  the  eye,  should  he  placed  vvith  a  view  to 

avoiding  glare. 


so  many  readings  and  calculations 
having  to  be  made  that  the  chances  of 
errors  are  very  materially  multipHed. 

To  my  mind  there  is  no  question 
that  the  simpler  method  is  to  take 
illumination  tests.  There  are  several 
quite  good  instruments  now  available 
for  this  purpose,  from  Avhich  one  obtains 
direct  readings,  and  thus  can  leave 
them  to  be  taken  by  a  man  Avho  need 
not  necessarily  be  highh'  technical. 
I  must  add  that  I  quite  appreciate  the 
difficulties  in  obtaining  illumination 
tests  with  the  poorer  classes  of  lightmg. 


in  the  specification  which  would  pro- 
vide that  an  illuminant  giving  its 
illumination  from  a  given  area  of 
surface  that  is  presented  to  the  eye, 
should  be  placed  at  a  given  height 
above  the  ground.  As  an  instance  of 
my  meaning,  I  would  refer  to  Mr. 
Harrison's  table  on  p.  16.  It  will  be 
seen  that  to  give  an  illumination  of 
•01  candle-feet  with  lamps  placed 
240  ft.  apart,  a  294  c.-p.  lamp  will 
have  to  be  set  36  ft.  high,  but  that  if 
the  height  is  reduced  to  12  ft.  the 
candle-power  of  the  lamp  would  have 
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to  be  999.  This  latter,  at  first  thought, 
seems  ridiculous,  hut  if  j'ou  arranged 
that  the  999  c.-p.  lamp  gave  its  illu- 
mination from  a  surface  of  50  square 
inches,  then  it  might  be  possible  to 
place  such  a  much  larger  light  source 
at  so  small  a  height.  By  introducing 
this  clause,  it  would  follow  that  every 
new  scheme  would  have  to  take  this 
as  its  basis.  It  will  also  follow  that 
the  insertion  of  such  a  clause  will  not 
interfere  with  either  of  the  methods 
under  discussion  of  measuring  the 
illuminant. 

J  feel  so  strongly  on  this  cpiestion  of 
glare  that  I  would  even  suggest 
that  this  society  should  use  its  efforts 
to  see  if  it  would  not  be  feasible  to 
get  this  matter  dealt  with  by  an  Act 
of  Parliament,  and  thus  make  it  a 
criminal  offence  to  so  place  illuminants 
that  the  source  of  the  light  is  injurious 
to  sight. 

Messrs.  S.  L.  Pearce  and  H.  A. 
Ratcliff  [communicated)  :  —  Whilst 
some  general  agreement  on  bases  of 
comparison  and  method  of  measure- 
ment is  eminently  desirable,  the  diffi- 
culties encountered  by  the  Committee 
have  indicated  the  narrow  limits  within 
Mdiicli  such  agreement  appears  possible. 
No  two  persons  will  probably  ever 
agree  regarding  the  best  methods  of 
illumination,  and  any  attempt  to  obtain 
uniformity  of  method  would  destroy 
tlie  variety  Avhich  alone  makes  artifi<^ial 
illumination  interesting. 

We  agree  with  the  author  that  the 
purchasing  authorities  are  out  to  buy 
illumination  certainly.  Illumination  is 
what  is  required,  and  presumably  what 
is  sold.  Candle-power  figures  in  them- 
S3lves  are  meaningless  for  tAvo  reasons  : 
the  absolute  candle-power  of  a  lamp 
is  an  undefinable  quantity,  and  candle- 
power  figures  give  absolutt'ly  no  in- 
dication of  the  quality  or  extent  of  the 
lighting  in  a  street  unless  used  in  con- 
junction with  definite  measurements 
of  height  and  distance. 

Tlie  quantity  actually  sold  is  the 
impressed  iUumination  due  to  tlie  light 
flux  proceeding  from  the  lamps,  and 
it  can  only  be  determined  accurately 
by  means  of  candle-power  measure- 
ments. 


The  author's  statement  at  the  bottom 
of  column  1  and  the  top  of  column  2 
on  p.  4  appears  to  be  reasonable,  and 
provides  ample  scope  for  public  opinion. 
Is  it  not,  however,  somewhat  at  vari- 
ance with  the  author's  contribution  to 
the  discussion  on  our  recent  I.E.E. 
paper  ? 

Reference  is  made  to  the  use  of  a 
horizontal  screen,  and  to  the  fact  that 
it  takes  into  account  the  light  received 
from  all  sources.  This  is  admittedly 
correct,  and  therefore  it  is  by  no  means 
necessarily  a  reliable  criterion  of  the 
sources  of  the  illumination,  since 
totally  different  results  would  be  ob- 
tained with  different  surroundings. 
What  is  wanted  is  a  system  of  measure- 
ment which  will  give  a  reasonably 
correct  measure  of  the  illuminating 
properties  of  the  light  source  irre- 
spective of  the  local  conditions, 
otherwise  it  is  impossible  to  compare 
different  schemes  on  a  common  basis. 

Reference  is  also  made  to  Sir  William 
Preece's  idea  of  measuring  the  illu- 
mination on  the  ground.  If  illumina- 
tion on  a  horizontal  plane  is  taken  as  the 
basis  of  comparison,  it  should  certainly 
be  with  reference  to  the  ground  level. 
Illumination  on  a  horizontal  plane 
essentially  means  on  the  ground  surface, 
and,  moreover,  it  is  only  by  reference 
to  the  ground  level  that  a  fair  com- 
parison is  obtained  between  lamps 
fixed  at  different  heights. 

We  fail  to  s:'e  any  great  advantage  in 
referring  to  a  3  ft.  3  in.  basis  so  far 
as  street  work  is  concerned.  The  actual 
observations  may  be  taken  if  possible 
on  the  ground  level,  or  at  any  con- 
venient level,  and  in  this  respect 
4  ft.  6  in.  is  probably  a  more  con- 
venient height  than  3  ft.  3  in.,  and  it 
has  the  additional  advantage  that 
measurements  of  the  illumination  on 
a  vertical  plane  may  be  taken  at  a 
height  at  A\hich  the  rays  concerned  are 
probably  most  effective  in  facilitating 
the  vicA\ing  of  persons  and  vehicles,  &c. 

The  author  emimerates  two  ad- 
vantages of  the  horizontal  plane  nu'a- 
surement.  The  second  itiMU  is,  no 
doubt,  quite  correct  in  so  far  as  ease  of 
measurement  is  concerned,  but  what  it 
actually  measures  is  the  total  ratlier 
than   the   impressed   illumination,   and 
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consequently  the  results  are  misleading 
for  purposes  of  comparison  unless  all 
contemporary  sources  of  light  are  tested 
under  identical  local  conditions.  Such 
a  method  of  measurement  takes  full 
advantage  of  reflection  from  buildings 
and  all  stray  light  from  shopAvindows 
or  any  other  source. 

The  failure  of  illumination  plioto- 
meters  with  Ioav  values  of  illumination 
is  admitted.  They  are  handy,  simple, 
and  easy  to  use,  but  for  accuracy  can 
hardly  hope  to  compare  with  candle- 
poAver  photometers.  They  are  very 
convenient  for  taking  rough  values  of 
the  total  illumination  from  all  sources 
on  a  horizontal  plane  either  in  buildings 
or  in  the  street,  but  the}'  are  not  so 
reliable  as  candle-power  photometers 
for  investigating  the  polar  curves  of 
lamps  or  other  work  requiring  accurate 
candle-poAver  measurements  over  a 
wide  angular  range. 

With  regard  to  the  most  satisfactory 
test  for  ■■  the  minimum "  illumina- 
tion, we  think  that  the  best  criterion  of 
the  illumination  of  a  street  is  probably 
provided  by  data  giving  the  minmium 
value  of  the  illumination  on  a  horizontal 
plane  at  ground  level  and  the  variation 
factor,  all  photometric  data  being  de- 
rived from  direct  ray  measurements. 

We  cannot  agree  with  the  author  in 
his  remark  on  p.  252,  viz.,  "'  Another 
result  of  these  tests  is  to  show  tliat  the 
ratio  of  maximum  to  minimum  illu- 
mination is  not  a  matter  of  importance." 

This  appears  to  us  to  be  a  most 
sweeping  statement  to  make.  Xo  con- 
vincing argument  is  brought  forward 
in  support  of  it,  and  we  venture  to 
think  that  it  is  certainty  contrary'  to 
the  general  trend  of  opinion.  Absolute 
uniformity  of  illumination  is  admittedly 
unnecessary  and  probably  undesirable, 
but  there  must  at  least  be  some  reason- 
able limit  to  the  extent  of  the  variation 
factor.  The  low  variation  factor  has 
had  quite  as  much  to  do  M'ith  the  highly 
successful  lighting  of  Portland  Street 
and  Princess  Street,  Manchester,  as 
the  high  values  of  the  candle-power 
and  illixmination  obtained  from  the 
rival  illuminants. 

Mr.  J.  G.  Clark  {communicated)  ; — 
I   was   much    interested    to    hear   Mr. 


Trotter's  remarks  in  reply  to  the  dis- 
cussion last  evening,  and  would  just 
Like  to  make  a  few  observations  thereon. 
Mr.  Trotter  adheres  to  the  very  close 
agreement  between  the  photometric 
readings  on  the  one  hand,  and  the  eye 
judgment  of  the  survej^or  members 
on  the  other,  as  his  main  argument 
in  favour  of  rating  street  hghting  by 
horizontal  minima. 

As  I  have  already  stated,  I  am  of 
the  opinion  that  the  agreement  has 
been  somewhat  overrated.  The  judg- 
ment b}^  eye  apparently  failed  to 
discern  any  great  difference  between 
streets  having  a  minunum  of  "Oil,  and 
others  having  a  minimum  of  025  foot- 
candles,  but  surely  if  the  photometric 
measurements  mean  an\i:hing,  they 
mean  that  "025  foot-canclles  is  2J  times 
as  great  as  "011. 

Mr.  Trotter  drew  attention  to  the 
method  of  rating  boilers  bj^  the  quantity 
of  water  evaporated  from  and  at 
212°  F.,  and  its  usefulness  in  com- 
paring results  in  spite  of  the  fact  that 
boilers  are  never  used  in  that  way. 
I  think,  however,  this  analogy — ^and 
many  others  could,  of  course,  be  given — 
does  not  strengthen  IVIr.  Trotter's 
argument.  Physical  quantities  are 
usually  much  more  easily  interpreted 
than  physiological  and  psychological 
ciuantities,  and  therein,  I  think,  lies  the 
difficulty  in  all  lighting  problems.  It 
is  gradually  becoming  realized  that 
mere  measurements  of  foot-candles, 
whether  minimum,  maximum  or  aver- 
age, or  on  any  surface  Avhatsoever,  can 
only  partially  indicate  the  value  or 
usefulness  of  a  system  of  hghting  as 
judged  b}^  the  sum  of  the  human 
sensations,  and  it  is  this  that  accounts 
for  the  difficulty  we  often  experience  in 
our  endeavours  to  reduce  the  problem 
of  illumination  to  a  standard  form. 

I  have  come  to  the  conclusion  that 
in  order  to  reduce  the  problem  to  a 
standard  specification,  a  more  com- 
prehensive method  of  evaluation  than 
that  provided  for  by  the  horizontal 
minimum  illumination  standard  will 
have  to  be  drawTi  up.  It  will,  no 
doubt,  involve  a  more  complex  state- 
ment, but  the  importance  of  the  matter, 
I  think,  warrants  it. 

I  should  hke  to  repeat  that  I  quite 
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agree  with  Air.  Trotter  as  to  the  useful- 
ness of  horizontal  measurements  at  a 
height  of  one  metre  for  making  com- 
parison of  results  obtained  here,  and 
on  the  Continent ;  but  I  would  prefer 
always  to  subordinate  them  to  more 
complete  data. 

]Mk.  J.  S.  Dow  {communicatexl)  : — 
After  hstenmg  to  the  sjsmted  discussion 
of  this  paper,  I  am  sure  we  must  all 
recognize  the  need  of  some  form  of  com- 
promise which  will  enable  us  to  get  tlie 
benefit  of  the  classification  of  streets  in 
terms  of  illumination  (which,  from  a 
pubhc  standpoint,  is  sound,  wliatever 
the  difficulties  of  measurement  may  be) 
and  yet  to  meet  the  views  of  those  who 
prefer  to  measure  candle-power. 

It  would,  no  doubt,  be  unreasonable 
to  rate  as  equally  good  two  sj'stems  of 
lighting  which  provided  the  same 
minimum  illumination  but  a  very  dif- 
ferent total  amount  of  light.  But  surely 
the  fact  that  the  specification  requires  a 
certain  minimum  illumination  does  not 
mean  that  contracts  need  necessarily  be 
awarded  on  this  basis  alone.  On  the 
contrary,  Clause  7  in  the  specification 
states  that  the  position  of  lights  is 
to  be  given,  and  Clause  8  provides 
for  "  particulars  of  lighting  units," 
which  might  well  include  the  polar 
curve  of  hght  distribution  of  the  lamp 
to  be  tested.  One  may  safely  assume 
that  the  minimum  illumination  in  a 
street  is  a  requkement  with  wliich  it 
should  usually  be  eas}'  to  compty.  It  is 
designed  to  give  an  idea  of  the  least 
illumination  that  can  fairly  be  ex- 
pected in  various  classes  of  streets. 
But  according  to  present  practice,  in 
the  case  of  many  main  streets,  the 
award  of  a  contract  would  probably 
turn  much  more  on  the  excess  of  illu- 
mination provided  above  this  minimum. 
In  specif ^ang  this  extra'"  luxuiy  light- 
ing," the  mean  (calculated)  illumina- 
tion in  the  street,  or — what  Avould 
probably  gi\e  substantially  similar 
results — the  mean  loA\er  hemispherical 
c.-p.  of  the  lamps  might  be  stated. 

It  will  be  observed  that  objections 
to  specifying  illumination  are  not  in- 
frequently connected  with  the  ques- 
tion of  sliading  and  the  design  of  re- 
flectors.    Not  long  ago  precisely  simi- 


lar objections  were  raised  to  measure- 
ments of  illumination  indoors.  It  was 
contended  that  "  from  a  practical 
standpoint  "  it  did  not  matter  where 
the  light  w^as  directed  provided  a 
certain  candle-power  (usually  mea- 
sured in  the  maximum  direction)  was 
provided.  Now  that  people  have  come 
to  understand  better  what  shades  and 
reflectors  can  do  for  indoor  fighting 
we  hear  much  less  of  this  objection, 
and  no  doubt  we  shall  see  a  similar 
development  in  connexion  with  street 
lighting.  In  truth  a  complaint  that  a 
thmg  is  "  not  practical "  often  only 
means  that  some  one  is  afraid  of  beuig 
put  to  troul^le  and  is  beuig  reluctantly 
pulled  up  abreast  of  the  times. 

Mr.  a.  p.  Trotter  acknowledged 
the  vote  of  thanks  passed  at  the  last 
meeting.  It  had  been  said  that  the 
gas  industry  Avas  not  well  represented 
on  the  Committee.  The  Committee 
was  representati\'e  of  four  institutions. 
They  regretted  the  resignation  of  ]\Ir. 
Doig  Gibb,  and  further  regretted  that 
no  one  was  nominated  ia  his  place. 
They  must  remember  that  their  ex- 
cellent Chairman  was  there  as  a  re}3re- 
sentative  of  the  Illummating  Engineer- 
ing Society;  the  remaining  delegates 
from  that "  Society  were  neutral  men 
so  far  as  gas  and  electricity  were  con- 
cerned. There  Avere  about  three  habi- 
tual absentees  among  the  electrical 
members,  and  one  never  put  in  an 
appearance  at  aU,  so  the  gas  industry 
was  not  so  badly  represented. 

They  were  not  there  to  discuss  street 
lighting  or  how  to  light  streets.  That 
might  \vell  be  the  subject  for  many 
meetings  of  the  Society.  Ingenious 
shades  and  so  on  might  receive  atten- 
tion. But  they  Avere  there  to  endea- 
vour to  describe  street  lighting  in  a 
concise  Avay.  Many  seemed  to  have 
read  the  paper  and  gixcn  it  up  in  de- 
spair before  they  got  to  the  specification, 
Avhich,  after  all,  Avas  the  important 
thing. 

The  first  question  on  Avhich  the  great 
split  had  taken  place  Avas  the  clioice 
betAveen  illumination  and  candle-poA\  er. 
The  proposal  ])efore  them  Avas  that 
illumination  should  bo  i\\o  criterion 
Avhere  it  Avas  not  loAver  than  O'Oi  foot- 
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candle,  and  that  where  it  was  los^er 
the  candle-po"\\  er  basis  would  be 
adopted.  The  specification  explained 
this  quite  plainly  in  Clause  3.  It 
would  have  been  better  if  the  last 
paragraph  of  this  had  formed  a  sepa- 
rate clause,  for  it  was  undoubtedly 
the  intention  of  the  Committee  that 
Clause  2,  the  first  half  of  3,  Clauses  4, 
5,  and  13,  should  relate  to  illumination, 
and  that  the  -wliole  of  the  rest  of  the 
15  clauses  and  the  three  special 
clauses  should  relate  to  candle-power 
as  well  as  illumination.  He  liad  stated 
in  his  paper  that  the  illumination 
method  would  cover  only  about  20  per 
cent  of  the  street  ligliting  in  this 
countr}^,  and  that  it  was  proposed 
that  the  balance  of  80  per  cent  should 
be  measured  by  candle-power.  In 
other  words,  four  and  a  lialf  clauses 
out  of  eighteen  related  to  illumination, 
and  thirteen  and  a  half  clauses  related 
to  candle-poM'er  as  weU  as  to  illumina- 
tion. But  that  statement  had  been 
taken  to  mean  that  "  the  specifica- 
tion legislated  only  for  80  per  cent  of 
the  lighting  of  the  country."  So  high 
an  authority  as  Mr.  Watson,  one  of 
the  most  useful  members  of  the  Com- 
mittee, having  made  this  slip,  it  had 
been  seized  upon  b}'  all  the  other  gas 
engineers.  The  whole  of  their  observa- 
tions on  that  point  were,  therefore, 
quite  beside  the  mark. 

There  was  plenty  of  other  good  stuff 
in  the  specification  v.hich  he  thought 
would  be  very  useful  for  candle-power 
Mork,  and  distinctly  intended  for  that 
work.  It  was  idle  to  suggest  that 
Clauses  7,  8,  9,  &c.,  Mere  not  applic- 
able to  candle-power  work. 

The  cleavage  had  taken  place  early 
in  the  proceedings  of  the  Committee. 
It  had  been  a  pleasure  to  engage  in 
controversy  with  j\Ir.  Watson,  of  Don- 
caster,  who  had  given  attention  to  the 
seientific  side  of  the  question,  and  with 
Mr.  Goodenough.  the  courteous  cham- 
pion of  the  Bradley'-  School.  ]\Ir. 
Bradley  was  a  tougli  opponent  ^\-l^o 
would  not  budge  an  inch.  But  it 
remained  for  Mr.  Jacques  Abady  to 
import  unpleasantness  into  the  dis- 
cussion. 

The  next  question  they  had  to  deal 
with  was  the  minimum.     He  was  very 


glad  to  find  that  Mr.  Watson  agreed 
with  the  minimum,  but  it  was  not  at 
present  clear  how  they  could  combine 
that  M'ith  a  direct  ray,  which  he  so 
strongly  advoeated.  The  Committee, 
if  they  possibly  could,  shovild  put  a 
new  clause  in  the  specification  which 
would  enable  them  to  use  the  direct 
ray  which  ^\■as  advocated  by  so  many 
engineers.  The  difficulty-  was  that 
he  did  not  see  how  Mr.  Watson  would 
find  a  minimum  except  by  assuming 
that  it  came  midway  between  two 
light  sources.  Calculation  would  be 
required  if  there  were  more  than  two 
as  in  ordinar}-  staggered  lighting,  and 
complications  would  arise  if  the  sources 
differed  in  candle  -  poAver.  It  was 
to  be  hoped  that  Mr.  Watson's  pro- 
posals could  be  worked  into  the  specifi- 
cation. With  the  direct  ray  one  had 
larger  figures,  and  this  gave  a  wider 
choice    of   photometers. 

Mr.  Clark  said  it  was  difficult  to 
find  the  minimum,  and  Mr.  Abady 
thought  that  an  exploration  and  several 
measurements  were  needed.  But 
nothing  was  easier.  They  could  not 
have  made  eighty  -  eight  measure- 
ments in  one  evening  had  there  been 
much  difificultj''  about  it ;  in  fact, 
they  could  generally  see  at  once  where 
it  was,  and  it  was  only  necessary  to 
check  it.  In  suggesting  tliat  it  was 
difficult  to  find  the  minimum,  Mr. 
Clark  sho-wed  on  the  screen  some  illu- 
mination curves.  These,  as  usualh'' 
lilotted,  gave  smooth  curves,  which 
were  a  testimony  to  his  skill  in  pho- 
tometry. He  also  shoA^-ed  part  of  the 
curve  on  a  magnified  scale,  and  this 
naturally  revealed  a  variety  of  ups  and 
downs.  ]\Ii'.  Clark  had  not  been  hunt- 
ing for  a  minimum,  he  was  taking  sec- 
tions, as  it  were,  along  certain  straight 
routes.  The  main  curve  showed  a 
general  minimum  region  of  014  foot- 
candle,  and  a  spot  Ashere  the  illumina- 
tion Avas  as  loAv  as  01.  The  applica- 
tion of  Clause  18  would  probably  have 
ruled  out  this  solitary  obserA'ation. 

Mr.  Clark  A\as  one  of  those  v/ho 
thought  that  other  factors  than  hori- 
zontal illumination  had  influenced  the 
judgment  of  the  sur\^eyors  in  classify- 
ing the  streets  by  eye. 

Now  he   (Mr.   Trotter)   Avould    have 
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great  difficulty  in  defending  the  speci- 
fication it'  it  were  not  for  t!ie  remark- 
able report  of  the  surveyor  members. 
He  was  going  to  pin  his  faith  to  the 
fact  that  the  surveyors  classified  cer- 
tain streets  by  eye,  and  their  classes 
agreed  exactly  Avith  the  measurements 
of  minima  when  placed  in  order  of 
magnitude. 

The  first  three  cases,  Cheapside,. 
Whitehall,  and  Regent  Street,  in  Fig.  3, 
were  among  the  streets  which  they  ex- 
cluded. From  St.  James's  Square 
clown  toMarylebone  Road  was  the  first 
class  of  the  surveyors.  Between 
Marylebone  Road  and  Cambridge  Street 
there  was  a  measured  difference  only 
from  0-025  to  0-022  foot-candle.  It 
did  not  amount  to  much,  but  it 
agreed  exactly  with  the  line  drawn  by 
the  surveyors  by  eye.  Reflected  light 
and  light  from  windows  and  houses, 
and  the  importance  of  direct  ray  in 
crossing  streets  and  so  on,  had  been 
referred  to.  The  surveyors  could  not 
have  shut  their  eyes  to  these  ;  they 
must  unconsciously  have  taken  them 
into  account  for  what  they  were  worth. 
If  the  photometer  report  had  not 
agreed  with  the  survej^ors'  report  these 
would  have  been  good  reasons  for 
attempting  to  explain  differences.  But 
there  -were  no  differences  ! 

Let  us  suppose  that  some  fruit  mer- 
chants graded  a  quantity  of  apples  into 
three  classes,  and  the  fruit  gi'owers 
wished  to  discover  on  wh.at  principle 
the  grading  had  been  carried  out.  I'hey 
miglit  examine  the  colour,  smell,  firm- 
ness, -weight,  dijuensions,  and  other 
])oints.  Of  tliese  the  weight  could 
be  most  easily  and  accurately  mea- 
sured. Suppose  they  weighed  each 
apple  and  found  that  tlie  grading 
tallied  exactly  witli  the  weiglits,  would 
not  they  be  justified  in  thinking  that 
the  merchants,  tliough  tliey  must  have 
observed  the  other  points,  had,  for  the 
purpose  of  their  grading,  been  in- 
fluenced, perhaps  unconsciously,  b} 
tlie  weiglits  ?  At  any  rate,  the  fruit 
growers  would  be  justified  in  acting 
on  tliis  assumption  in  future  dealings 
witli  these  merchants. 

The  next  thing  was  tlic  direct  ray, 
which  he  was  pre]iared  to  admit  was 
most  important.     Tliere  was  no  doubt 


that  in  the  streets  the  direct  ray  was 
probably  the  most  useful  one,  and  he 
would  go  further  and  agree  with  several 
speakers  that  the  actual  illumination 
on  a  horizontal  plane  in  the  street  was 
not  of  importance,  and  yet  Sir  William 
Preece  in  about  I8S3  Avas  the  first  to 
suggest  that  that  was  the  thing  to 
measure,  and  for  many  years  after  that 
that  Avas  what  he  (Mr.  Trotter)  did 
measure,  and  in  his  early  Avorli  he 
measured  at  a  level  of  six  inches  aboA^e 
the  ground.  When,  hoAvever,  the 
Committee  came  to  consider  a  specifi- 
cation of  hoAV  they  Avere  gomg  to  de- 
scribe Avith  a  minimum  amount  of 
trouble  and  complication  the  lightmg 
of  a  street,  they  must,  as  Mr.  Roger 
Smith  had  said,  take  a  conventional 
expression  ;  and  they  took  the  illu- 
mination on  a  horizontal  plane  for 
various  reasons,  not  because  it  Avas 
the  most  useful,  but  because  it  Avas  one 
that  they  could  compare,  it  bemg 
possible  to  compare  different  streets 
Avith  the  greatest  ease. 

In  tlie  second  volume  of  the  Society's 
Journal,  Dr.  Bloch,  Avho  Avas  an  elec- 
trical engineer  of  great  repute,  had 
giA^en  a  table  of  illujiiination  in  various 
streets  in  Germany.  There  Avas  a  lot 
of  information  in"  the  table— height, 
candle-poA^er,  spacing,  and  all  sorts  of 
things.  What  did  they  find  in  tlie 
last  column  but  one'?— "  Mmimum 
horizontal  illumination."  These  Avere 
given  in  Hefner  lux,  of  Avhich  tAvelve 
Avent  to  the  foot-candle  ;  and  the 
measurements  A\'ere  all  made  at  a 
height  of  I  metre.  So  that  they  could 
compare  any  of  the  streets,  and  they 
could  compare  those  Berlin  streets  a\  itli 
any  street  in  London.  Dr.  Bloch  there 
gave  the  minimum  illumination  Avhicli 
the  borough  surveyors  took  uncon- 
sciously as  their  criterion. 

In  the  Society's  Journal  (vol.  vii.), 
Dr.  Bunte,  at  the  German  Gas  and 
Water  Engineers  Meeting,  gave  a 
classification  of  streets.  He  spoke  of 
taking  exact  measurements.  He  gave 
the  loANcst  illumination  permissible, 
Avhich  he  (Mr.  Trotter)  supposed  Avas 
the  German  equivalent  for  minimum 
illumination.  In  his  classification,  he 
aaA'e  for  bv-streets  for  little  traffic 
0025  and  0"041  foot-candle.     He  (Mr. 
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Trotter)  had  divided  Dr.  Bunte's 
figures  bj^  twelve.  There  they  had 
two  examples  of  experts  comparing — 
one  b}^  minimum  illumination  and  the 
other  by  elassiiication.  This  measure- 
ment on  the  horizontal  plane  was  a 
conventional  expression,  to  %\  hicJi  they 
could  reduce  their  measured  illumina- 
tion. Engineers  were  all  famihar 
with  conventional  expressions.  When 
measuring  the  evaporating  power  of 
a  boiler  fuel,  they  took  the  water  eva- 
porating ••  from  and  at  212°  Fahr." 
Some  engineers  might  say  '"  What  is 
the  good  of  Avater  at  212°  for  steam  ; 
It  may  be  good  enough  for  making 
tea."  But  before  comparmg  the 
evaj)orating  properties  every  engineer 
reduced  them  "  from  and  at  212°." 
He  did  not  like  trespassing  outside  liis 
owTi  hne,  but  he  believed  gas  was 
measured  by  reducing  to  60°  Fahr. 
and  30  m.  bar.  Measuring  for  calori- 
fic power,  he  found  in  the  Gas  Referees' 
annual  circular  that  a  reduction  was 
made  to  60°  Fahr.  and  30  in.  bar. 
This  gave  a  basis  of  comparison, 
though  j)ei'^aps  in  the  course  of 
the  experiment  one  might  never  use 
that  temperatiu-e  or  j)ressure.  In  the 
same  way,  having  ol)tained  the  illu- 
mination by  the  dkect  ray,  tliey  had 
simply  to  use  a  table  of  cosines  to  con- 
vert to  the  horizontal.  Perhaps  that 
was  too  scientific  ;  but  it  was  rather 
an  insult  to  anybody  to  say  so.  Ho\\- 
ever,  let  them  put  in,  if  they  could, 
something  which  would  enable  them 
to  use  the  chrect  ray  as  advocated  by 
so  many  engineers.  He  did  not  see 
how  they  were  to  be  compared,  or  how 
they  were  going  to  be  added  together. 
Dr.  Blocli,  -who  had  -written  about  the 
horizontal  plane,  thought  it  was  the 
plane  upon  wliich  all  illuminations 
automatically  collected  themselves. 

jMr.  Goodenough  had  given  them  six 
reasons  against  the  specification.  First, 
it  ought  to  be  comprehensible  by  mem- 
bers of  local  authorities.  That  Avas, 
indeed,  a  task  !  But  the  specification 
ofTers  them  certain  classes.  \\'hen  a 
ToA\n  Gouncil  had  to  ask  for  street 
lighting  they  could  under  the  specifi- 
cation ask  for  such  an  illumination 
as  was  to  be  found  in  St.  James's 
Square,   or  somewhere  else,   and  they 


would  be  able  to  imagine  their  own 
streets  hghted  to  the  same  degree  as 
an}'  such  example  better  than  by 
bothering  about  candle-power,  spacing, 
height  and  other  matters. 

llien  ]\lr.  Goodenough  diagged  in 
■■  the  man  in  the  street."  Surely  this 
important  individual  was  concerned 
Avith  the  result,  and  the  result  only  ; 
and  as  he  AAOuld  eA^entuallj^  haA^e  to  pay 
for  it,  he  Avould  prefer  the  cheapest 
metliod  of  arriA-ing  at  that  result,  and 
\sould  not  care  about  polar  curA^es  or 
photometers. 

■■  Thhdly,  it  should  be  of  general 
and  not  limited  apphcation.'  Mr. 
Goodenough  made  this  unanswerable 
statement,  but  did  not  explain  how  it 
apphed  to  the  specification.  Fourthly, 
that  it  should  not  be  open  to  being 
interpreted  in  such  a  AA-ay  that  the 
lighting  of  a  street  is  reduced  to  an 
absurdity.  That  probably  referred  to 
the  possibility  that  the  A\hole  street 
would  be  uniformly  illuminated  to 
the  minimum.  Mr.  C.  H.  Sharp  had 
observed  ""  a  street  liaA^ing  a  uniform 
illumination  of  001  foot-candle  Avould 
be  a  A^erA'  dimly  lighted  street."  That 
Avas  obvious,  but  he  (Mr.  Trotter) 
contended  that  that  was  not  possible, 
and  that  inevitable  A^ariations  A\ould 
give  an  aAcrage  higher  thau  the  mini- 
mum. Dr.  Louis  Bell  says  "  a.  call  for 
minimum  illumination  is  practically 
a  call  for  small  gas  or  electric  incan- 
descents  glimmering  along  the  street 
at  interxals  as  infrequent  as  can  meet 
the  specification  for  illumination  mid- 
Avay  betAveen  them."  Wliy  glimmer- 
ing ?  Why  ask  for  a  small  minimum  ? 
If  the  interA'als  AAcre  infrequent  the 
A'ariation  factor  Avould  assuredly  be 
large,  or,  in  other  Avords,  the  minimum 
AA'Ould  be  largely  exceeded  in  many 
places. 

Mr.  Goodenough" s  fifth  essential  is 
that  the  specification  should  leaA^e 
nothing  to  the  discretion  of  the  con- 
tractor. A\'as  not  this  the  backbone 
of  ]VIr.  Bradley's  objection,  the  es- 
sence of  all  the  opposition  ?  He  (Mi. 
Trotter)  emj^haticaUy  disagreed  Avith 
it,  for  the  reason  that  the  lighting 
Avould  liaA^e  to  be  designed,  and  ncAv 
methods,  if  any,  inA'ented,  and  the 
details  proposed  by  the  borough  sur- 
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veyor.  Unless  they  were  going  to 
have  a  class  of  men  of  great  originality, 
they  would  never  get  any  improve- 
ments at  all.  If,  however,  it  was 
as  stated  Avliat  the  result  must  be, 
there  was  some  chance  for  originality 
not  only  in  height,  spacing,  and  the 
relation  of  the  candle-power  to  them, 
but  for  different  kinds  of  lamps,  re- 
flectors, and  methods  which  he  thought 
would  produce  what  they  all  wanted, 
i.e.,  better  illumination  everyv\4iere. 
Surely  the  competition  between  elec- 
tric lighting  and  gas  had  been  one  of  the 
most  important  features  of  modern 
street  hghtmg,  and  had  led  to  great 
improvements.  Mr.  Goodenough  had 
suggested  that  wlien  one  was  hungry 
one  did  not  go  into  a  restaurant  and 
say,  "  I  have  a  certain  standard  of 
hunger  which  I  wish  to  be  appeased." 
One  went  and  ordered  a  dinner.  There 
was  another  way  of  doing  it,  A\hich 
some  of  tliem  who  had  travelled  on  the 
Continent,  and  were  not  very  familiar 
with  bargaining  and  so  on,  found  use- 
ful. It  was  called  prix  fixe.  One 
knew  how  much  safer  that  was  than 
venturing  on  a  la  carte.  If  they  were 
going  to  light  their  streets  a  la  carte, 
and  going  to  specify  all  the  fish,  entree, 
and  everything  else,  the  whole  result 
would  be  a  very  serious  responsibility 
in  ordermg  that  particular  dinner 
whicli  the  ratepayer  Avould  have  to  eat 
and  pay  for,  and  probably  the  result 
in  the  end  would  not  be  much  better 
than  if  one  allowed  the  chef  to  arrange 
the  menu  of  the  table  d'hote. 

When  the  Metropolitan  Water  Board 
desired  to  supph^  tlieir  new  reservoir 
at  Chingford  with  water  from  the  Lea, 
competitive  tenders  Avere  invited  for 
pumping,  180,000,000  gallons  a  day, 
the  lift  being  25  feet  or  30  feet.  Mr. 
W.  B.  Bryan  would  have  been  fully 
competent  to  draw  a  specification  for 
a  set  of  pumps  of  a  particular  pattern 
based  on  his  \\'ide  experience.  Tenders 
for  six  different  methods  were  received, 
and  the  Humphrey  gas  pump  was 
chosen.  His  courage  in  recommend- 
ing this  novelty  has  not  only  been 
justified  b\  the  results,  but  has  con- 
stituted a  most  remarkable  sti^p  in 
mechanical  engineermg.  Inventors  lik(^ 
Mr.    Humphrey   would   not    get    such 


a  chance  as  that  offered  by  Mr.  Bryan 
if  the  board  had  proceeded  on  the  hues 
that  nothing  should  be  left  to  the  dis- 
cretion of  the  contractor. 

Mr.  Harrison's  table  had  been  held 
up  to  derision.  The  top  right,  and 
bottom  left  corners  contained  extreme 
cases  derived  from  the  formula;  it 
might  have  been  better  to  omit  them. 
Mr.  Trotter  could  not  defend  high 
candle-power  lamps  on  short  posts. 
He  believed  the  tendency  would  be 
in  the  opposite  clu'ection,  but  he  fancied 
that  tall  posts  were  going  to  cost 
something.  Extreme  height  was  con- 
trolled by  Clause  8. 

Mr.  Trotter  had  not  alluded  to 
Prof.  Morris's  experiments  in  his  paper, 
simply  because  he  knew  that  there 
was  more  to  be  said  about  them.  If 
it  were  attempted  to  measure  the 
aggregate  candle-power  of  a  group  of 
four  or  five  lamps  on  a  single  lamp 
post,  and  then  to  measure  them  sepa- 
rately, precisely  the  same  difficulties 
would  arise,  and  the  errors  would  prob- 
ably be  as  great. 

Mr.  Goodenough  quoted  Dr.  Louis 
Bell,  who  seemed  to  think  that  a  con- 
tract involving  £50,000  or  £100,000  a 
year  Avould  be  received  at  per  foot- 
candle  and  that  a  difference  of  2  or 
3  or  5  per  cent  would  be  a  serious 
matter.  This  is  not  proposed,  and  it 
would  be  equally  foohsh  to  base  a  con- 
tract at  per  candle -poAver.  No  speci- 
fication could  be  drawn  without  limits. 
What  was  proposed  Avas  a  simple 
limit. 

Mr.  Bradley's  remarks  on  the  basis 
of  his  twelve  years'  experience,  of 
course,  demanded  very  serious  con- 
sideration, but  he  (Mv.  Trotter)  had 
alluded  in  his  paper  to  the  ex])erienced 
surveyor  wlio,  having  studied  his  own 
district,  could  say  precisely  Avhat  was 
necessary  for  that  district.  This  was 
not  a  Westminster  specification.  It 
was  meant  not  only  for  London,  but  for 
England,  the  Continent,  and  possibly 
America  too.  It  A\-as  by  no  means  a 
parish  specification,  though  tlie  parisli 
of  Westminster  Avas  probably  the  most 
important  one  in  t!ie  A\orld.  The  same 
speaker  alluded  to  the  A\eather,  paint- 
ing of  Jiouses,  trees,  &e.;  but  as  to  trees 
and  A^■eatller  the  Committee  had  dealt 
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■with  them  in  the  specification,  and 
some  proof  must  be  brought  that  paint- 
ing the  houses  had  any  effect  on  the 
iUumination.  Mr.  Allen  suggested 
that  the  specification  should  be  taken 
back  for  further  consideration,  but  he 
thought  that  had  been  sufficiently 
answered  by  Mr.  Gaster.  The  speci- 
fication was  only  in  draft,  and  he  hoped 
that  it  might  be  improved.  ^Ir. 
Roger  Smith  spoke  of  tlie  C{uestion  of 
glare,  Avhich,  ho-\vever,  had  not  been 
omitted.  That  pliase  of  the  subject 
was  prom.inently  before  the  Committee, 
and  the}-  had  put  in  Clause  8  with  the 
express  idea  of  takmg  care  of  glare 
He  humbly  accepted  ]\[r.  Cooper's 
rebuke  about  diversity  factor,  which 
he  might  have  used  verbally,  but  he 
thought  that  the  expression  did  not 
occur  in  his  paper.  Variation  factor 
was  undoubtedly  the  word  for  it. 

He  finally  came  to  ]\Ir.  Jaccjues 
Abady.  Mr.  Goodenough  had  said 
that  the  specification  was  too  scientific. 
Mr.  Abady  was  reported  to  have  said 
that  it  was  stupid  and  rmscientific, 
and  they  had  heard  him  express  his 
undisguised  contempt  for  it.  These 
tM'O  arguments  might  be  left  to  destroy 
each  other  were  it  not  that  the  autho- 
rities are  unequal.  Mi'.  Goodenough  is 
thoroughly  conversant  with  the  matter, 
and  Mr.  Abady  has  exhibited  lamentable 
ignorance  of  it.  ]\Ir.  Abady  let  the  cat 
out  of  the  bag  ^,vhen  he  said  that  the 
specification  Avould  have  been  a  fait 
acccompli  if  it  had  not  been  for  hhn. 
In  other  words,  the  Institution  of  Gas 
Engineers  must  have  b?en  prepared 
to  accept  the  specification  when  Mr. 
Abady  forced  his  mistaken  views  on 
them.  The  delegates  of  that  Institu- 
tion had  had  the  matt?r  before  them 
and  had  no  doubt  come  to  a  matured 
opinion.  Mr.  Abady  not  only  kne\^' 
nolhing  of  the  discussions  which  had 
led  to  the  specification,  but  his  report 
on    the    Manchester   lighting,    and    his 


remarks  on  this  occasion,  showed  that 
he  was  one  of  the  few  men  who  com- 
pletely misimderstood  the  matter,  and, 
perhaps,  the  only  one  who  did  not 
know  what  was  meant  by  illumination. 
This  he  admitted  when  he  said  that 
they  could  not  dissociate  the  lighting 
effect  from  what  was  being  illuminated  ; 
they  could  not  dissociate  illumination 
from  tlie  source  nor  from  the  surface 
which  received  it.  Mr.  Abady,  failing 
to  understand  what  illumination  was, 
asserted  that  they  "  did  not  see  any- 
thing in  any  other  way  but  by  illumina- 
tion." Could  he  account  in  this  -.vay 
for  the  scandalous  glare  of  some  shop- 
keepers, lamps,  notably  of  some  outside 
tobacconists'  shops  ?  Mr.  Abady  had 
quoted  from  the  paper  but  ignored  the 
context.  For  example  at  about  80° 
it  is  triie  that  "  an  error  of  1°  makes 
about  10  per  cent  difference  at  this 
angle."  The  next  word  was  "  But," 
and  opened  a  sentence  explaining 
why  this  led  to  no  difficulty  in  the 
circumstances. 

Some  engineers  seemed  to  think  that 
a  scientific  trap  had  been  laid  for  them. 
They  ^^  ere  entitled  to  take  the  position 
that  they  did  not  wish  to  make  any 
calculations  about  spacing  lamps  or 
to  take  any  part  in  the  design  of  street 
lighting,  and  wished  only  to  carry  out 
the  work  to  a  specification  Avhich  left 
nothing  to  their  judgment.  But 
others  were  entitled  to  offer  to  act  as 
engineers  rather  than  as  merchants; 
to  experiment,  to  calculate,  to  design 
and  plan  the  most  efficient  method  of 
carr^nng  out  a  problem  of  street  fight- 
ing, rather  than  to  sell  lamps  which 
were  kept  wrapped  up  m  bro\\ii  paper 
on  a  shelf.  He  would  like  to  add,  in 
conclusion,  that  the  ch'aft  specification, 
faulty  tliough  it  might  be,  ^\as,  both 
in  intention  and  in  fact,  free  from  any- 
thing that  could  favour  or  prejudice 
either  the  gas  or  electrical  industries. 


Errata.— In  the  May  number,  p.    27i.  in  the  second  line  of  the  second  paragrajih,  for  -main 
horizontal  illumiuatiou,"  read  ''mean  horizontal  illumination." 
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Some  Notes  on  the  Standard  Specification  of  Street  Lighting. 

By    W.   J.   Liberty    {Inspector  of  Public  Lighting  for  the  City  of  London.) 


I  REGRET  time  did  not  allow  me  to 
take  part  in  the  discussion  upon  Mx. 
Trotter's  paper.  Had  I  done  so,  it  was 
my  intention  to  have  given  some  data 
which  I  have  collected  during  many 
years  of  experience  in  the  City  of  Lon- 
don, especially  with  regard  to  the  large 
number  of  experiments  made  \vith  gas 
and  electricity  in  the  City  during  the 
last  ten  years  doA\Ti  to  the  "  last  word  " 
in  street  lighting.  It  was  also  my 
intention  to  have  put  this  information 
upon  the  screen  from  slides  I  had  pre- 
pared, but  perhaps  it  will  answer  the 
purpose  better  if  I  accept  the  Chair- 
man's kind  suggestion  to  send  them 
in  for  reproduction  in  the  Transactions 
of  the  Society,  for  use  among  a  still 
larger  number  of  members,  especially 
as  the  draft  specification  is  going  back 
to  the  Committee  for  further  con- 
sideration. 

First,  however,  let  me  remark  that 
I  agree  with  IVIr.  Watson  of  Doncaster 
that  10  ft.  is  not  the  correct  height  for 
the  low-illumination  lamps  on  columns  ; 
12  ft.  (certainly  not  less  than  11  ft.  6  in.) 
is  found  in  practice  to  be  the  lowest  the 
lamp  should  be  fixed  ;  at  that  height 
they  are  above  the  line  of  vision. 


The  following  are  a  few  diagrams 
giving  heights  and  spacings,  also  views 
of  street  lighting  at  night  of  various 
streets  at  home  and  abroad,  with  polar 
curves  of  some  of  them.  Readers  may 
also  be  referred  to  the  diagrams  and 
tables  accompanying  Mr.  Voysey's 
report  on  the  City  Lighting  in  1908 
(see  Ilium.  Eng.,  Lond.,  Vol.  I.,  1908, 
p.  561). 

They  show  in  particular  the  follow- 
ing :— 

(a)  Heights   of   lamps   above   the 
footway  or  carriage-way. 

(b)  Distances  apart  of  lamps. 

(c)  The  width  of  the  roadway. 
{d)  Polar  curve  (where  possible), 
(e)  Long  brackets  over  the  footway. 
(/)  Columns  on  the  side -walk. 

(gr)  Columns   down   the    centre    of 

the  roadway. 

(A)  Centrally  hung  lamp  (gas  and 

electricity). 

Fig.  1  makes  it  evident  that  our 
friends  in  the  United  States  favour  a 
zone  considerably  lower  than  that 
customary  on  this  side  of  the  Mater. 
Table  I,  comtaining  some  data  on 
Continental  practice  shows  that  Paris 
also  favours  low  columns. 
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Fig.   1-  Comparing  heights  of  Laini'S!  common  in  this  Country  nnd  in  the  United  States. 
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HEIGHT    OF    LAMPS.— Continental   Cities.    1909, 


Name  of  City 

Flame  Arc 
Lamp 

Electric  Glow 
Lamp 

H.  P.  Gas  lamp 

Low-Pressure  Gas  Lamp 

Posts  (in  feet) 

Posts  (in  feet) 

Posts 

Posts 

BERLIN 

26  to  39-52 

— 

14  ft.  7  in.  to  IS  ft.  7  in. 

11  ft.  5in.  to  14  ft.  7  in. 

BRUSSELS 

— 

— 

— 

lift.  Sin.  to  14  ft.  Tin. 

COLOGNE 

2(!  to  .33 

11-5 

— 

11  ft.  5  in. 

DRESDEN 

26 

10,  16,  26 

— 

10  ft,  6  in. 

DUSSELDORF... 

29  to  33 

— 

— 

10  ft.  2  in. 

MUNICH 

33 

13 

— 

11  ft.  5  in. 

PARIS      

13  to  20 

— 

— 

11  ft.  7  in. 

VIENNA 

26  to  39 

— 

23 

11  ft.  5  in. 

STUTTGART     ... 

- 

— 

Centrally  Hung 
24  ft.  to  2S  (t. 

— 

N.B.  — Heights  are  from  Roadway  to  Burner, 


Diagram  Showing  Level  ofVarious  Lights  in  London. 

E55T  He^hts  of     (  AS  now  existmg )  ' 

"    VariouTT  aooo-cp^". 

Lamps  in  the 

Metropolis 

at  present 

in  use 


— -igO 


MF(Elec)     LP  Gas      UpnqM      Invtfled     Flame  Arc     Upright       Inygrlril  mjOcPimllii  CgilraMinn  Cffilrallt  Kam  CtnlriHt  Him 
City  of  tonf*in  C'of  London    Burner       Burner    Citvoftindon   Burners      RajentS'  FamngOonSf    CannonS'     Cheapsidt    (lannon  Si 
CVic'on<5'  Fleets;  C'lfLof-'-' "  ::ationi'.'adi«lfHPGi5,lr-')(0li«r^(0liiierArc') 
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The  diagram  on  the  opposite  page  may  be  conveniently  compared  with  Table  I., 
and  shows  the  level  of  lamps  customary  in  the  Metropohs,  including  centrally 
suspended,  experimental  and  permanent  systems,  the  heights  and  spacing 
having  been  decided  upon  according  to  the  nature  of  the  thorouglifare  and  the 
experience  gained  as  regards  the  requnements  of  traffic. 

We  now  come  to  a  series  of  night  views  of  London  streets,  photographed 
entirely  by  artificial  light,  that  may  be  of  interest : — 


Fig.  1.  Cheapside  lighted  by  centrally 
suspended  Oliver  Oriflamme  magazine  flame 
arcs,  fitted  with  Peard  prismatic  reflector 
(12^  amp.,  3,000  c.p.).  Height  above  road- 
way 27  ft.  6  in.,  average  distance  apart  90  ft. 
General  width  of  roadway  50  ft.  Alternate 
lamps  extinguished  at  midnight. 


Fig.  3.  Queen  Victoria  Street  with  lan- 
terns on  footpath.  High-pressure  gas  (10  in. 
pressure),  600  c.p.  lamjis  are  used.  The  height 
of  burners  is  13ft. Gin.,  their  distance  apart 
100 ft,  and  the  width  of  street  50ft. 


Fig.  2.  Night  view  of  Fleet  Street 
lighted  by  high-pressure  (54  in.  water)  gas 
lamps  (1,5(K)  c.p.),  on  long  brackets  7Aft. 
from  house  front.  Height  13  ft.  and  10  ft. 
Distance  apart  120  ft. 


Fig.  4.  Eastern  end  of  Cannon  Street, 
lighted  with  central  high-pressure  inverted 
(80  in.  water)  gas  lamps  (2  burner,  l,500c.p.). 
Average  distfince  apart  104  ft.  General 
width  of  street  50  ft. 
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The  following  diagrams  give  par- 
ticulars of  the  illumination  derived 
from  various  modem  illuminants  in 
some  of  the  streets  referred  to  above. 

The  final  illustration  on  the  next 
page  gives  the  details  of  the  suspension 
gear,  now  being  used  for  lamps  hung 
over  the  centre  of  the  roadway. 


<oo  800     i.:co   i.eoo  2,000  2,400  2.80O  S.WO  3  6 


Fig.  5.  Polar  Curves  of  12i  amp.  Ori- 
flamme  Lamp  (Cheapside).  A  =  With  ordi- 
nary light  opale.«cent  outer  globe.  B=With 
clear  outer  globe  and  a  "Peard"  Prismatic 
reflector.  Note  the  increased  intensity  at 
small  inclinations  to  the  horizontal  as  a 
result  of  the  latter  arrangement. 
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Fig.  6.  Horizontal  Illumination  along 
ground  at  Kerb  Line  in  Cheapside.  Curve 
A=Illumination  until  midnight.  Mean=l-23 
candle-ft.  Min.=0-72  candle-ft.  Max.  200 
candle-ft.  Curve  B^Illumination  from  mid- 
night to  sunrise.  Mean  =  0-66  candle-ft. 
Max.=l-78  candle-ft.    Min.=0-22  candle-ft. 
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FiG._7.  Polar  Curve  of  12iamp.  Excello 
Arcs  with  Dioptric  Inner  and  Semi-opalescent 
Spherical  Outer  Globes  (Farringdon  Street). 
Height  of  Lamp  25  ft.  Gin.  Spacing  about 
175  ft.    Width  of  road  100  ft. 
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Fig.  8.  Horizontal  Illumination  along 
ground  at  Kerb  Line  in  Farringdon  Street. 
Mean  illumination=0  67  candle-ft.  Mio. illu- 
mination =0-]  7  candle-ft.  Max.  illumina- 
tion=l-61  candle-ft. 
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Fig.  9.  Candle-power  Polar  Curves  of 
Metal  Filament  Lamp  Fittings.  a=75  c.p. 
lamp  (isolated).  h=75  c.p.  lamp  contained 
in  street  fittings,  with  reflector  and  shade. 
c=100  c.p.  lamp  (isolated).  rf=lfX) c.p.  lamp 
contained  in  street  fittings,  with  reflector 
and  shade.  These  are  used  in  side  streets  on 
brackets  12  ft.  above  pavement,  86  ft.  apart. 
General  width  of  street,  £0  f t.  This  cor- 
responds with  the  80  per  cent  electric  street 
lighting  that  is  unclassified. 


STANDARD   SPECIFICATION    OF   STREET   LIGHTING. 


339 


Central  Sispe 


These  details  of  actual  practice  may  be  of  some  use,  although  there  are  other 
factors  of  a  local  character  always  to  be  taken  into  account : — 

For  instance,  Cannon  Street  and  Cheapside — two  parallel  roads  in  the  City  of 
London — are  each  lighted  with  centraUy  hung  flame  arc  lamps.  Both  thorough- 
fares are  approxunately  the  same  width,  yet  the  spacings  are  138  ft.  and  90  ft. 
respectively,  the  reason  being  that  the  former  road  is  used  principally  for  through 
traffic,  and  has  an  absence  of  shops,  whilst  the  latter  is  crowded  with  pedestrians, 
and  full  of  shops  and  plate  glass.  The  nearness  in  tlie  spacing  of  the  latter  is 
counterbalanced  by  the  fact  that  alternate  lamps  are  extinguished  at  midniglit. 
This  illustrates  how  special  consideration  must  always  be  given  to  localities. 


ARTIFICIAL    DAYLIGHT   WITH   GAS. 

I  It  appears  that  Dr.  H.  E.  Ives  has 
now  produced  a  screen  wliich  can  be 
used  with  an  ordinary  inverted  incan- 
descent mantle  to  produce  artificial  day- 
light. Although  screens  of  this  kind 
for  use  with  tungsten  lamps  have  been 
developed  by  Dr.  Ives  in  the  United 
States,  and  also  by  Dr.  Kenneth 
Mees  in  this  country,  this  would  seem 
to  be  the  first  time  that  the  method 
has  been  applied  in  a  practical  form 
for  gas.  The  illustration  shows  the 
general  appearance  of  the  apparatus. 
It  consists  in  a  box  receptacle,  whit- 
ened inside,  Avhich  receives  liglit  from 
the  inverted  mantle  within  the  dome- 
like reflector  mounted  above  it.  Under- 
neath this  reflector  there  are  two 
double  plates  of  glass,  the  colour  of 
which  is  selected  M'ith  a  view  to  secur- 
ing an  exact  imitation  of  a  natural 
north  light.  We  understand  that  the 
Welsbach  Co.  in  the  United  States 
are  already  manufacturing  this  novelty. 
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An  Interesting  Semi-Indirect  Lighting  Office  Installation. 

By  Ajst  Engineering  Correspondent. 


The  lighting  of  a  large  office,  although 
it  may  appear  at  first  sight  a  simple 
problem,  needs  a  little  care.  It  is 
often  assumed  that  if  one  provides  an 
adequate  illumination  on  the  desks, 
and  puts  the  lamjjs  at  a  sufficient 
height  to  avoid  serious  glare,  one 
has  done  all  that  is  necessary.  But 
there  are  other  matters  to  be  con- 
sidered. 

It  is  hardly  enough  to  ensure  that 
there  is  no  glare  ■v\'ithin  the  ''  ordi- 
nary range  of  vision."  The  wandering 
eye,  even  it  directed  upwards  towards 
the  ceiling,  should  never  meet  a  sur- 
face of  disagreeable  brightness.  FuU 
use  should  also  be  made  of  reflection 
from  white  surroundings  so  as  to  avoid 
unduly  dense  shadows  from  the  hands 
or  persons  of  people  working  in  the 
room. 

These  considerations  favour  the 
use  of  semi-indnect  hghting.  Other 
advantages  are  that  the  glare  effect 
from  shiny  paper  is  reduced  to  a  mini- 
mum, and  that  the  light,  coming  from  a 
large  luminous  surface,  can  penetrate 
into  comers  of  the  room — a  jDoint 
which  is  of  considerable  imjiortance  in 
offices  where  legal  work  is  done,  and 
where  it  is  usually  necessary  to  light 
up  the  vertical  racks  and  pigeon  holes. 

The  two  illustrations  facing  this  page 
refer  to  a  semi-indirect  installation  at 
the  branch  of  the  Liverpool  and  Vic- 
toria Legal  Friendly  Society  at  Stam- 
ford Street  London,  E.G.  The  room 
shown  in  Fig.  I  has  an  area  of  approxi- 
mately 1,350  sq.  ft.  and  is  illuminated 
by  II  Benjamin  Semi-Indnect  Units, 
each  containing  three  50  Avatt  tungsten 
lamps.       The      specific      consumption 


works  out  to  roughly  1.25  watts  per 
square  feet,  and  the  illumination  on 
the  desks  and  tables,  which  is  very 
uniform,  is  about  4|  foot-candles. 

Owing  to  the  amount  of  detail  work 
in  this  office  (filling  in  forms,  &c.),  this 
high  value  of  the  illumination  is  dis- 
tinctly advantageous,  and  there  is  also 
ample  light  throAvn  vertically  on  the 
cases  lining  the  walls. 

Each  of  these  units  has  a  specially 
designed  translucent  white  glass  Re- 
flector Bowl,  completely  screening  the 
lamps  from  the  eyes  of  workers,  while 
the  upper  portion  consists  of  a 
curved  enamelled  white  "deflector," 
which  distributes  the  light  over  a  wide 
area.  A  certain  amount  of  light  is 
allowed  to  escape  between  the  bowl 
and  reflector,  and  illuminates  the  white 
ceiling ;  but  the  deflector  described 
above  (which  can  easily  be  cleaned) 
enables  the  system  to  be  used  success- 
fully even  when  the  ceiling  is  not  a 
dead  white  tint. 

There  are  in  the  building  four  large 
offices  lighted  in  this  way,  50  semi- 
in-direct  units    in  all  being  installed. 

The  second  photograph  showing  the 
figures  seated  at  the  desks  is  of  special 
interest.  This  Avas  taken  without 
flashlight;  and  simpty  by  the  ordinary 
artificial  light  in  the  room.  To  take 
photograishs  "SAith  figures  under  these 
circumstances  is  something  of  a  feat, 
and  is  only  practicable  when  the 
illumination  is  exceptionally  high. 

For  the  illustrations  and  some  of  the 
information  conveyed  in  this  article 
the  writer  is  indebted  to  the  Benjamin 
Electric  Co.,  Ltd. 
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Fig.  1. — Photograph  of  an  office  of  the  Liverpool  and  Victoria  Legal  Friendly 
Society  (Stamford  Street,  London,  E.G.),  taken  entirely  by  artificial  light,  and  show- 
ing the  illumination  by  Benjamin  Semi-Indirect  Lighting  ixnits.  The  illumination  is 
about  4^  ft-candles,  the  consumption  of  electricity  apyrox.  ]|  watts  per  square  foot. 


FxG.  2. —  Another  short-e.vposure  photograjih    of    the    same    installation, 
entirely  by  artificial  light 


also  taken 
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How  to  Know  Architecture,.  By  Fkank  E. 
Wallis.  (IMessrs.  Harper  &  Brothers, 
London  and  New  York,  1910.) 

Readers  of  this  journal  will  recall  a  con- 
versation with  INIr.  Frank  AVallis,  recently 
published  in  these  columns,  and  advocat- 
ing a  closer  relationship  between  the 
architect  and  the  ilhuninating  engineer. 

It  is  often  said  that  the  architect  needs 
to  know  more  of  illuminating  engineer- 
ing ;  but  it  is  equally  true  that  the  illu- 
minating engineer  who  wishes  to  attemjit 
the  highest  class  of  work  ought  to  study 
architecture.  Mr.  Wallis  has  been  closely 
associated  with  both  professions  in  the 
United  States,  and  his  readable  introduc- 
tion to  the  knowledge  of  architecture 
should  be  read  with  interest  by  many 
of  those  engaged  in  engineering  work. 

The  history  of  architecture  is  closely 
associated  with  hmnan  relationships  and 
the  development  of  ideas.  Mr.  Wallis 
shows  how  the  i:)riinitive  buildings  of 
early  times  gradually  changed  their 
natm-e  with  the  opening  of  the  great 
trade  routes  from  the  East,  and  the 
growth  of  Grecian  and  Roman  culture. 
He  traces  the  gradual  transitions  in 
style  following  the  Greek  and  Classic 
period  and  the  development  of  the  Roman- 
esque, Gothic,  Renaissance,  and  other 
styles,  all  characteristic  of  the  changes 
in  the  social  fabric  of  mankind. 

American  architectiu-e  is  naturally 
very  complex,  and  reflects  the  diversity 
of  its  population.  At  one  time  it  was 
somewhat  decadent,  but  now  seems 
likely  to  develop  into  something  more 
homogeneous  and  characteristic.  The 
chapters  devoted  solely  to  the  archi- 
tecture of  England  are  also  particularly 
interesting. 

In  the  final  portion  of  the  book  Mr. 
Wallis  deals  with  the  future,  and  the  great 
opportimities  before  modern  architects 
in  comioxion  with  the  design  of  large 
offices,  stores,  and  public  buildings. 
Here,  then,  is  a  growing  demand  for 
something  at  once  imposing  and  service- 
able. In  this  modern  work  particularly 
we  should  like  to  see  the  scheme  of 
lighting  AS'orked  out  wloile  the  nature  of 


the  building  is  still  Linder  consideration. 
Co-operation  between  the  architect  and 
the  lighting  engineer  in  these  early  stages 
would  often  make  all  the  difference 
between  a  mediocre  and  a  highly  success- 
ful installation. 

Mr.  Wallis's  book  contains  327  pages  of 
matter  and  over  one  hundred  excellent 
illustrations.  It  should  be  read  with 
interest,  even  by  those  who  know  little 
or  nothing  of  architecture. 

Electrical  Photometry  and  Illumination. 
By  H.  BoHLE,  Professor  of  Electro- 
technics  at  the  South  African  College, 
Cape  Town.  (Chas.  Griffin  &  Co.,  Ltd., 
London,  1912.     10/6  net.) 

This  book,  the  author  states,  is  intended 
primarily  for  students,  but  it  is  hoped 
that  it  will  also  be  of  some  use  to  archi- 
tects, medical  men,  and  others.  In  the 
Preface  Prof.  Bohle  lays  special  stress  on 
the  small  interest  taken  by  architects  in 
lighting  problems.  (He  mentions  that 
a  certain  recentlv  erected  building  cost 
£20,000.  The  simi  allocated  by  the 
architects  to  lighting  was  only  £100,  or 
about  0'5  per  cent  of  the  total — siu-ely 
a  most  inadequate  figure,  especially  as 
the  building  was  largelj^  used  for  entertain- 
ments by  night.) 

We  think,  however,  that  the  book  will 
be  mainly  useful  to  students  M'ho  desire 
a  concise  summary  of  the  subject,  for  much 
of  the  matter  is  joresented  in  a  somewhat 
condensed  and  technical  form.  The  course 
of  the  book  is  not  unlike  that  adopted 
in  most  treatises  of  this  kind.  It  contains 
222  pages,  the  early  chapters  dealing 
mainly  with  photometry,  the  middle  ones 
with  lamps  and  shades,  and  the  final  por- 
tion with  general  illuminating  engineering. 
It  is,  however,  brought  more  up  to  date 
than  most  existing  works  in  the  EngUsh 
language,  and  the  author  acknowledges 
the  assistance  derived  from  the  work  of 
the  Illuminating  Engineer  and  the  Illu- 
minating Engineering  Societies  diu-ing  the 
last  few  years. 

A  good  feature  is  the  series  of  references 
to  literature  on  illumination  which  are 
collected  together  at  the  end  of  the  book. 
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Competition  Points  for  Gas  Salesmen.  By 
A.  F.  Bezant.  (Walter  Iving,  Office 
of  '  The  Journal  of  Gas  Lighting,' 
11,  Bolt  Court,  Fleet  Street,  London, 
E.C.,  1912.) 

This  little  book,  containing  upwards  of 
two  hundred  pages,  is  intended  as  a  help 
to  the  gas  salesman.  It  is  therefore 
frankly  controversial,  although  in  the 
Preface  the  author  is  careful  to  explain 
that  he  has  endeavoiu-ed  "  to  avoid 
all  extravagance  and  misrepresentation, 
which  are  too  often  found  in  electrical 
advertising  literature." 

The  book  opens  with  a  discussion  of  the 
comparative  costs  of  gas  and  electric 
lighting,  and  the  author  shows  an 
acquaintance  with  much  that  has  been 
written  on  this  subject  by  electrical 
engineers,  as  well  as  in  periodicals 
devoted  to  gas  lighting.  The  assimap- 
tions  involved  in  these  calculations  will 
be  tolerably  familiar  to  our  readers. 
But  there  is  one  point  that  constantly 
crops  up  in  all  comjjarisons  of  illuminants, 
namely,  the  interpretation  of  the  figures 
given  for  candle-j^ower.  It  is  well  loiown 
that  the  candle -jjower  of  lamias  is  often 
measured  in  a  maximmn  direction  only, 
and  the  nature  of  the  reflector  used  with 
the  lamps  may  then  make  a  considerable 
difference.  This  matter  is  of  some 
consequence  in  the  comparison  of  soiu^ces 
having  such  widely  different  polar  curves 
as  the  metal  filament  lamp,  the  flame 
arc,  and  the  incandescent  mantle.  Pos- 
sibly in  the  future  all  such  comparisons 
will  be  expressed  in  terms  of  mean 
spherical  candle-power.  This  takes  into 
account  the  light  in  all  directions,  and 
woidd  seem  to  be  a  sounder  basis  of  com- 
parison, hi 

Following  this  will  be  found  a  discus- 
sion of  the  life  of  metallic  filaments  and 
mantles.  Here  again,  the  author  judi- 
ciously selects  his  quotations  from  various 
gas  and  electrical  authorities. 

The  next  i:)oint  dealt  with  is  intrinsic 
brilliancy.  Mr.  Bezant,  in  order  to 
emphasize  the  glaring  effects  of  unshaded 
metal  filament  lamps,  makes  frequent 
quotations  from  papers  read  before  the 
Illuminating  Engineering  Society.  In  a 
subsequent  chapter  he  raises  the  same 
point  in  connexion  with  the  use  of  flame 
arc  lamps  outside  shops,  remarking  that 
"  imprejudiced  scientific  lighting  engi- 
neers protest  against  these  lamps  being 
hung  at  such  low  levels."  Wo  need  not 
say  that  we  entirely  agree  as  to  the 
desirability  of  proper  methods  of  screen- 
ing in  comiexion  with  these  brilliant 
sources,    but   wo   should   like   to   adtl   in 


passing  that  these  remarks  do  not  apply 
to  electric  ilkmiinants  alone.  We  are 
glad  to  see  that  Mr.  Bezant  brings  home 
to  the  gas  salesman  the  need  for  effective 
shading,  remarking  that  the  main  object 
in  shop  lighting  is  the  illumination  of  the 
goods  in  which  the  tradesman  deals,  and 
not  merely  the  display  of  lights. 

Subsequently,  we  find  short  chapters 
dealing  with  the  colour  of  illuminants 
and  artificial  daylight,  factory  and  work- 
shop lighting,  fogs  and  light  penetration, 
&c.  Here,  again,  frequent  reference  is 
made  to  jDapers  read  before  the  Illmiiinat- 
ing  Engineering  Society.  We  notice 
that  in  the  chapter  on  fogs  and  light  i)ene- 
tration  reference  is  made  to  the  famous 
controversy  of  the  last  century  on  the 
relative  merits  of  oil  and  electric  lights 
in  lighthouses. 

The  author  next  j^resents  a  simimary 
of  events  in  connexion  with  the  public 
lighting  in  various  sections  of  London, 
special  attention  being  naturally  devoted 
to  the  introduction  of  high  pressiu-e  gas 
in  Westminster. 

He  then  passes  on  to  the  familiar  con- 
troversy of  the  hygienic  aspects  of  gas 
and  electric  lighting,  marshalling  his 
authorities  in  an  imiiosing  manner,  and 
endeavouring  to  show  that  a  well  de- 
signed modern  gas  lighting  installation 
is  not  prejudicial  to  the  atmosiohere, 
and  that  it  actually  assists  ventilation. 
Authorities  are  also  quoted  in  favour  of 
the  vievv^  that  gas  lighting  is  in  no  way 
injurious  to  plant  life. 

This  book  is  written  in  a  very  concise 
and  readable  style,  and  should  prove  of 
interest  to  many  who  are  not  identified 
with  gas  lighting.  As  our  readers  are 
well  aware,  we  ourselves  advocate  the 
gradual  elimination  of  undue  bitterness 
in  the  competition  between  gas  and 
electricity.  We  are  bound  to  say  that  ^Ir. 
Bezant,  while  naturally  making  the  best 
of  his  case,  takes  a  moderate  tone.  A 
good  feature  is  that  he  almost  invariably 
quotes  authorities  in  suj^port  of  his  state- 
ments, so  that  readers  who  so  desire  can 
look  up  the  literature  for  themselves. 
Sandwiched  in  between  what  may  be 
termed  the  '*  competition  "  areas  of  the 
book  will  be  found  nuich  useful  informa- 
tion put  in  a  conijjact  form.  It  is  inter- 
esting to  observe  the  iin]iortance  attached 
by  tiie  author  to  the  study  of  lighting 
l^roblems  and  illumination,  ^^'e  feel  siu-o 
that  the  encouragement  of  such  study 
can  do  a  great  deal  for  the  gas  industry, 
and  that  there  are  great  possibilities  in 
the  development  of  the  scientific  treat- 
ment of  gas  lighting. 
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Electricity  for  Everybody.  By  \V.  BoE- 
LASE  JMatthbws.  (Electriccil  Press, 
Ltd.,  37-8,  Strand,  London,  W.C.,  1912.) 

A  >rEW  edition  of  this  little  work  was  pub- 
lished in  1912,  and  it  may  conveniently 
be  noticed  in  conjunction  with  the  work 
referred  to  above.  The  aim  of  the  author 
is  substantially  the  same,  but  he  covers 
somewhat  wider  ground,  and  necessarily 
presents  his  information  in  a  very  com- 
pressed forin. 

The  book  is  divided  into  fonr  divisions, 
entitled  res^Dectively  '  Electric  Light- 
ing,' '  Electric  Cooking  and  Heating,' 
'  Electric  Power,'  and  '  Hints  to  Can- 
vassers,' The  first  and  last  sections  will 
be  most  useful  to  oiu'  readers. 

The  amoimt  of  information  conveyed 
is  very  considerable.  The  chief  jDoints 
in  hghting  an  average  residence,  the 
costs  of  wiring,  and  the  factors  on 
which  the  lighting  bill  will  depend  are 
concisely  stated.  Several  chapters  deal 
with  shop  lighting,  advertising  signs, 
and  the  ilkmiination  or  factories  and 
pubUc  buildings,  and  tables  for  the  nmnber 
of  lamj^s  and  the  consimijJtion  are  given. 

Under  the  heading  of  '  Candle-Power 
and  Photometry  '  the  author  explains 
the  chief  miits,  and  gives  the  ilkmiina- 
tion suggested  for  various  classes  of  work, 
the  watts  per  square  foot,  and  the  usual 
rules  for  candle-jjower  per  square  foot. 
Much  of  this  will  be  fomid  of  value,  but 
we  think  that  in  a  few  cases  the  matter 
might  be  brought  more  up  to  date  by 
reference  to  some  of  the  recent  work 
of  the  Illuminating  Engineering  Society. 
The  author  has  adopted  throughout  the 
method  of  putting  information"  into  the 
smallest  sjDace,  and  jierhaps  for  tliis  reason 
gives  few  references  to  the  source  from 
which  information  is  taken. 

On  p.  85  he  gives  a  table  comparing  the 
costs  of  gas  and  electricity.  We  notice 
that  this  is  based  on  a  comparison  between 
carbon  filament  electric  glow  lamjjs  and 
flat -flame  gas  biu-ners.  The  author  a.s- 
simies  "  that  the  comjoarison  is  practically 
the  same  for  metallic  filament  lamps  and 
incandescent  gas  burners  "  ;  but  it 
Mould  surely  have  been  far  better  to 
work  these  costs  out  anew  on  the  basis 
of  modern  types  of  lamijs,  and  we  hope 
that  this  table  will  be  corrected  in  the  next 
edition.  In  comjiarisons  of  this  kind  it  is 
surely  essential  to  be  thoroughly  up  to 
date. 

The  remainder  of  the  book  is  devoted 
mairdy  to  wiring  data,  electric  heating, 
domestic  and  industrial  applications  of 
poMer,  tables  giving  the  horse-po^er  re- 
quiredfor  various  purposes,  &c. 


In  conclusion,  the  author  gives  some 
advice  to  consimiers.  We  are  glad  to 
see  that  he,  like  Mr.  Besant,  insists  that 
the  canvasser  should  be  thoroughly 
conversant  with  modern  methods  of 
illmnination,  and  that  he  should  recom- 
mend judicious  and  artistic  methods  of 
lighting  in  preference  to  those  that  are 
open  to  objection  on  the  groiuid  of  glare, 
and  excessive  briUiancy. 

A  series  of  argiunents  are  also  sug- 
gested as  a  means  of  inducing  consiuners 
to  adopt  electricity  in  place  of  gas. 
These,  however,  consist  mainly  of  general 
statements,  and  M'ould  probably  be  more 
serviceable  if  ?jacked  vip  by  actual  quota- 
tions from  authorities.  We  are  opposed  to 
argiunents  dejoreciating  a  rival  illiuninant, 
and  think  it  is  in  general  a  far  better 
policy  to  supply  canvassers  with  up-to- 
date  information  respecting  their  own 
method  of  lighting.  In  tliis  direction 
there  is  still  room  for  enterprise. 

The  book  concludes  with  a  series  of 
pictiu-es  of  installations  and  apphances. 
We  notice  that  the  photograjDhs,  appa- 
rently intended  to  show  how  various 
rooms  should  be  lighted,  are  all  taken 
by  daj'light,  and  that  the  types  of  shades 
used  in  one  or  two  instances  are  distinctly 
unsatisfactory.  In  a  future  edition  we 
should  recommend  these  being  rejDlaced 
by  johotographs  of  up-to-date  installa- 
tions taken  entirely  by  artificial  light. 
Successful  photographs  of  this  kind  are 
invaluable  to  the  canvasser. 

The  book  now  contains  upwards  of 
three  hundred  pages,  most  of  them  in 
close  tyjoe.  We  have  offered  some  sug- 
gestions for  its  improvement,  but  we  have 
no  doubt  that  the  information  it  contains 
will  be  appreciated  by  many  of  those  in 
the  electrical  industry. 

Kalendar  jiir  das  Gas-  und  Wasserfach 
1913.  Compiled  by  Dr.  E.  Schilling 
and  G.  Ankxam.  (Miinich,  R.  Olden- 
bovu-g,  om.  50,  bound.) 

Tilts  calendar  contains  over  250  pj).  cf 
closely  set  matter,  brought  up  to  date 
in  October,  1912.  The  information  is 
divided  into  two  sections,  devoted  re- 
spectively to  the  use  of  gas  and  to 
hydrauhc  matters.  The  work  contains 
a  calendar  and  pages  for  stray  notes, 
and  concludes  with  a  list  of  the  chief 
gas,  electric,  and  acetylene  companies 
in  Germany. 

The  book  is  provided  with  a  receptacle 
for  papers,  and  can  be  conveniently 
inserted  in  the  pocket. ' 
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Review    of    the    Technical    Press. 


ILLUMINATION  AND  PHOTOMETRY. 

The  bulk  of  the  interesting  matter  this 
month  occurs  iia  the  American  pubhca- 
tions,  notably  the  Transactions  of  the 
American  Illiuninating  Engineering 
Society.  Alger  {T.I.E.S.,  March)  dis- 
cusses Illumination  and  Eye-Strain.  He 
points  out  that  many  j^hysiological 
eflects  previously  ascribed  to  heat  are 
now  believed  to  be  due  to  the  chemical 
effect  of  light  rays,  and  he  suggests  that 
yellow  rays  in  general  cause  the  least 
fatigvie.  The  paper  contains  a  useful 
list  of  references  to  the  work  of  Ulthoff, 
Koenig,  Langley,  and  others.  Hunter 
(T.I.E.S.,  March)  deals  with  the  Light- 
ing of  the  Home  which  he  regards  mainly 
as  a  decorative  problem.  He  adopts 
the  rule  on  which  one  16  c.-p.  Isawp  j^er 
50  sq.  ft.  of  floor  is  allowed.  He  gives 
some  interesting  experiences  in  connexion 
with  his  attempt  to  substitute  light 
"  ivory  white  "  lacqvier  for  the  dark 
varieties  usually  em2:)loyed.  It  ajDpears 
that  the  dark  material  is  not  used  be- 
cause it  is  more  decorative,  nor  because  it 
is  better  from  the  lighting  standpoint, 
but  merely  because  it  happens  to  be 
slightly  cheaper. 

Cinematograph  Work  and  the  effect  of 
moving  pictures  on  the  eyes  is  discussed 
by  J.  F.  Martin  {T.I.E.S.,  April)  and 
A.  L.  Altenburg  (Optical  Journal, 
April  24th).  The  various  things  that 
may  cause  eye-strain  are  discussed  in 
detail.  The  effect  is  very  often  caused 
by  poor  films  and  unsteady  lights. 
Martin  states  that  the  usual  value  for  the 
ilkunination  of  the  screen  is  0'4  foot- 
candle,  the  value  in  the  auditorium 
being  nearer  0'2.  He  also  alludes  to  the 
factors  controlling  the  brightness  of  the 
screen.  Aluminiiun  powder  screens  are 
sometimes  used,  but  the  best  results  are 
obtained  from  plate  glass  specially  backed 
with  opaque  white.  The  jiaper  also  con- 
tains some  particidars  of  the  consumi)- 
tion  of  arc  projectors. 

Turning  now  to  j^apers  of  a  more 
scientific  character,  we  may  note  that  by 
Ford  {T.I.E.S.,  April),  who  discusses  the 
screen  to  be  used  with  a  j)hotometer  for 
general  measurements  of  illumination. 
Measurements  in  a  horizontal  plane  are 
recommended,  but  it  is  suggested  that  it 


would  be  better  if  a  form  of  screen  col- 
lecting the  rays  from  all  directions  could 
be  devised.  The  author  has  therefore 
made  experiments  with  a  sphere  made  of 
alba  glass,  blocks  of  translucent  material, 
&c..  and  he  gives  the  results  of  these 
tests  in  his  j^aper. 

LucKiESH  {Electrical  World,  April  26th) 
gives  the  results  of  some  tests  of  Dif- 
fusing Glass  Ware.  He  makes  an  attemjDt 
to  define  the  diffusion  co-efficient  of 
obscuring  glass,  and  determines  the  trans- 
mission factor  for  a  niunber  of  different 
varieties.  An  important  point  to  notice 
is  that  light  that  is  not  transmitted  is  not 
necessarily  lost,  but  may  be  merely  re- 
flected. A  very  interesting  research  on 
the  Absorption  of  Light  by  Water  was 
described  in  The  America)i  Chemical 
Journal  for  April.  The  author's  com- 
ment on  the  curious  fact  that  solutions 
containing  certain  materials  (mainly  hy- 
drates) aj^jDear  to  absorb  light  to  a 
smaller  extent  than  pure  water,  a  result 
that  is  very  difficult  to  explain  theoreti- 
cally. They  also  present  curves  show- 
ing how  the  absorption  of  light  varies 
through  the  spectriun.  This  again  de- 
pends on  the  salt  in  solution,  but  the 
absorption  is  usually  greater  for  rays  of 
short  wave   length. 

ELECTRIC  LIGHTING. 

There  are  a  number  of  articles  dealing 
with  the  manufactiu-e  of  Metal  Filaments. 
H.  Erb  {Licht  It.  Lampc.  April  2-4th) 
gives  an  interesting  analysis  of  the  cost  of 
the  various  operations.  A  considerable 
reduction  in  jorice  of  metal  filaments, 
amounting  to  about  30  per  cent,  has  been 
made  on  the  Continent,  and  this  matter 
is  commented  upon  in  a  number  of 
journals.  Remane  ])resents  a  series  of 
life  curves  of  metal  filaments,  and  gives 
particulars  of  their  use  on  tramways  and 
for  motor-car  headlights.  He  finds  that 
the  new  high  candle-po\\er  lamj)s  con- 
siuning  0'8  watts  ])er  H.K.  only  diminish 
in  light  by  about  8  ])er  cent  in  the  course 
of  1,000  hours.  C.  F.  Lorenz  (Electrical 
World,  May  3rd)  describes  a  method 
of  s])ot-tcsting  filaments.  He  examined 
them  against  a  uniformly  luminous  back- 
ground. In  these  circumstances  only  the 
brightest  portions  of  the  filament  stand 
out,  and  the  duller  portions  can  be  made 
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to  vanish.  Any  inequality  in  brightness  is 
thus  readily  detected- 
Other  papers  deal  with  the  newly  in- 
troduced long-burning  flame  arc  lamps 
in  the  United  States.  Thus  the  G.E.C. 
enclosed  arc  is  said  to  burn  100-120  hours 
without  attention.  It  uses  vertical  car- 
bons. 

GAS,  OIL,  AND  ACETYLENE  LIGHTING. 

There  are  several  articles  contrasting 
the  cost  of  electric  and  gas  street  lighting. 
F.  Kropf  gives  some  examples  of  the  use 
of  high  candle-jDOwer  gas  lamps  in  photo- 
grajihic  studios,  and  H.  Pickhardt 
enters  into  the  Artistic  Possibilities  of 
Gas  Lamps. 

Attention  has  also  been  given  to  flash- 
ing gas  illuminated  signs,  which  do  not 
appear  to  have  been  yet  exploited  as 
much  as  they  deserve. 

There  have  been  an  exceptional  nmn- 
ber    of    articles    dealing    with    Acetylene 


Lighting,  some  of  them  dealing  with  the 
recent  Congress  in  Philadelphia.  P, 
RosEMBURG  describes  the  vise  of  acety- 
lene in  the  French  army.  In  the  recent 
manoeuvres  the  value  of  portable  lights 
in  hunting  for  the  wounded  was  demon- 
strated, and  acetylene  is  now  being  used 
to  a  great  extent  in  medical  service. 
Other  articles  deal  with  the  lighting 
of  small  towns  by  acetylene  and  electri- 
city, and  the  recent  results  obtained  in 
connexion  with  the  acetylene  buoys. 
These  are  very  largely  used  in  the  Swedish 
Marine,  installations  carrying  from  5,000 
to  130,000  litres  of  gas  being  common. 
Such  installations  will  last  about  two 
months,  and  give  about  300  candle- 
j^ower.  Licht  u.  Lampe  (April  24th) 
contains  a  readable  article  on  The  De- 
velopment of  Oil  and  Petroleum  Illu- 
mination from  the  early  times  of  the  past 
up  to  the  incandescent  oil  units  of  the 
present  day. 
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Kruh,  O.      L'ber  die  Herstellung  von   gezogencn  Wolframdraht  (Elck.  und  Masch. ,  Apvil  20). 
Loron-z,  C.  F.     A  Method  of  Spot-testing  Incandescent  Filaments  (Elec.  World,  May  3). 
Lampmaker,  A.     The  Tungsten  Lamp  Position  (Elec.  Times,  April  24). 


Remand,  H 
Thieme,  B. 


Die  Osram  Drahtlampe  (Die  Welt  der  Technik,  No.  7,  pp.  130-134,  1913). 
Quarzlampe  f.  techn.  und  medizn.  Zwecke  (E.T.Z.,  May  8). 
The  General  Electric  Long  Life  Flame  Arc  Lamp  (Elec.  Rev.  N.Y.,  April  12). 
The  Future  Street  Lighting  of  Chicago  (Elec.  Il'orW,  April  12). 
Moderne  Bogonlanipen  (Z.  /.  B.,  April  20). 
Preiscrmiissigung  von  Metalldrahtlampen  (Z.f.B,  April  lU). 
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Alberts.     Moderne  Strassen-  und  Geschaftsbeleuchtung  (J.  /.  G.,  April  19). 

Althoff.     Anliegerbeitrage  fiir  Bcleuchtung  (J.  /.  G.,  May  3). 

Kropf,  F.     Gasbeleiichtung  und  Photographie  (J.  /.  (?.,  May  10). 

Pickhardt,  H.     Beautifying  the  Gaslight  {The  Gas  Industry,  March). 

Rosenberg,  P.     L'Utilisation  de  1' Acetyl 6ne  dans  I'Arm^e  (-Rev.  des  JEclairages,  April  30). 

L'^^clairage    des  Petites  ViUes  ;     Electricity  ou  Aci^tyldne   {Rev.   des   J^clairagcs, 

April  15).  ■ 

Artificial  Daylight  with  Gas  {Am.  Gaslight  Journal,  April  21). 
The  Ramsay  Gas  Flashomotor  {G.W.,  April  5). 
Un  Auxiliaire  du  Gaz  et  de  TElectricit^  {Moniteur  de  VInduslrie  dii  Gaz,  etc., 

April  15). 
Nouvelles  Methodes  dE'clairages  Automatique  des  Pliares,  etc.  {Eev.  des  Eclairages, 

March  31). 
Die   Entwicklung   der    Oel-    und    petroleum-    bcleuchtung    {Licht    und    Lampe, 
April  24). 
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E.  T.  Z. — ElektrotecJinische  Zeitschriff. 

Elek.  u.  Masch. — Elektrotechnik  und  Maschinenbau. 

G.  W.—Gas  World. 

J.  f.  G. — Journal  fi'ir  Gasieleuchiung. 

J.  G.  L. — Journal  of  Gaslighting. 

T.I.E.S. — Transactions  of  the  Illuminating  Engineering  Society  {TJ.S.A.), 

Z.  f.  B. — Zeitschrift  filr  Beleuchtungsivesen, 
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TRADE    NOTES. 


[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  infoi-mation  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 

Modem  window  lighting  is  de- 
cidedly an  art.  It  is  now  generally 
agreed  that  the  most  artistic  effects 
are  secured  by  using  concealed 
lamjis,  throwing  the  light  on  the 
goods,  but  themselves  invisible  to 
the  eyes  of  the  castomer  on  the 
pavement,  the  window  being  thus 
illuminated  on  the  same  principle 
as  the  stage  at  the  theatre. 

The    question  remains  how  best 
to    concentrate     the     light  on  the 
goods.     Obviously  this  depends  on 
the    shajDe     of     the    window,     and 
British    Thomson  -  Houston     Co.    (Mazda 
House,  UiDper    Thames    Street,    London, 
E.G.)    have    evolved    two  tyjoes    (shown 
in  the  adjacent  figures),  which  are  suited 
to    different    classes    of    windows.      The 
reflectors    are    made    of    special    silvered 
glass,  provided  with   sjiiral   convolutions 
designed     to     eliminate     striations     and 
diffuse  the  light. 


B.T.H.  X-ray  reflector,  "  Poke-Bonnet "  shape  to  take 
two  lamps.  It  gives  a  wide  distribution  of  light, 
suitable  for  low  deep  windows, 

the 


Messrs.  Siemens  Bros.  Dynamo  Works* 
Ltd.,  inform  us  that  they  have  obtained  a 
contract  for  the  supply  of  12,000  "  Wo  tan" 
lamps  for  use  on  the  Buenos  Aires  Great 
Southern  Railway  ;  yet  another  contract 
has  been  seciu^ed  for  the  sujiply  of  3,500 
of  these  lamps  to  the  Union  of  S.  Africa. 


B.T.H.  X-ray  reflector.  "Helmet"  shape 
giving  a  concentrated  distribution  of  light 
suitable  for  high  and  large  windows. 


The  British  Westinghouse  Electric  and 
Manufacturing  Co.,  Ltd.  (Trafford  Park, 
Manchester),  send  us  a  little  booklet 
describing  some  of  their  large-jDower 
instruments.  There  is  no  question 
that  in  these  days  it  is  well  worth  while 
for  station  engineers  and  managers  of 
large  industrial  concerns  to  watch  their 
power  consum])tion  carefully  ;  the  booklet 
indicates  how  the  use  of  a  Westinghouse 
portable  wattmeter  will  often  enable 
needless  losses  to  be  checked  and  econo- 
mies made. 


Shades  of  Greatest  Utility. 

A  little  booklet  issued  by  Messrs. 
Siemens  Bros,  describes  the  application 
of  Wotan  lamps  and  Holophane  glassware 
for  the  lighting  of  houses,  shojDs,  galleries, 
and  public  institutions.  Holophane  re- 
flector bowls  are  largely  used  for  illu- 
minating large  and  imposing  interiors, 
and  there  are  now  available  various  forms 
of  strip  and  trough  reflectors  which  are 
just  the  thing  for  strongly  illuminating  a 
small  area. 
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Pharos  -  Welsbach    High- 
Pressure  Gaslight. 

We  have  received  from  the  Welsbach 
Light  Co.,  Ltd.  (Welsbach  House,  King's 
Cross,  London,  W.C.),  a  booklet  describ- 
ing the  Pharos-Welsbach  system.  Particu- 
lars of  the  Welsbach-Bryan  Donkin  com- 
pressors and  a  variety  of  outdoor  and 
indoor  lamps  are  given.  The  illustration 
shows  a  highly  decorative  cover  for  use 
with  indoor  xinits,  and  sjiecially  recom- 
mended for  use  in  public  halls,  skating 
rinks,  &c.  The  body  is  in  oxidized 
copper,  and  it  is  suj^ijlied  with  glass 
fringes,  which  soften  the  light  from  the 
mantles  and  avoid  glare.  This  fitting  is 
intended  for  2,000,  3,000,  and  4,000  c.-p. 
lamps,  and  it  will  be  readily  understood 
that  some  means  of  softening  the  light 
from  such  powerful  sources  is  often 
desirable. 

The  same  firm  send  us  a  rojirint  of_[tlio 
letter  from  Mr.  J.  C.  Van  Goetham, 
recently  contriljuted  to  The  Gas  World. 
on  the  subject  of  the  Manchester~Street 
Lighting.  This  is  entitled  '  High-Pressure 
Gas  LamjDs  versus  Flame  Arc  Lamps,'  and 
will  doubtless  be  of  niterest  at  thej:)resent 
moment  when  street  lighting  is  exciting 
so  much  attentioii. 
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THE 


l)olopl)dtte  Cumeter. 


The  simple,  portable,  and  accurate  apparatus  for 
measuring  illumination,  surface=brightness,  or  re- 
flecting power. 

Can  be  carried  from  place  to  place  with  the  ease 
of  a  small  hand  camera. 

Dimensions  only  5|"  x  4|"  x  If";  case  and  accumu- 
lator supplied. 

Measurements  from  0*01  to  2000  foot-candles  can 
be  made. 


Showing  general  appearance  of  new  model  of  Holophane  Lumeter. 
(Dimensions  :  55"  X  -ti"  x  1|".) 

The  Holophane  Lumeter  is  of  value  not  only  to 
lighting  engineers,  but  to  architects,  medical  officers, 
factory   inspectors,  photographers,  and  many  others. 

Among  the  users  of  this  instrument  mnu  be  mentioned : — 

The  House  of  Commons,  The  Home  Office  (Factory  Dept.),  The  London 
County  Council,  General  Post  Office,  Great  Western  Railway,  L.  and  S.W. 
Railway,  Underground  Railways,  The  Gas  Light  &  Coke  Co  ,  St.  James  and 
Pall  Mall  Electric  Supply  Co.,  The  Union  Electric  Co.,  The  British  Thomson- 
Houston  Co.,  &c.,  &c. 

Fo)'  nil  i)(^it'ticulars  apply  to 

HOLOPHANE    LTD. 

12,  Carteret  St.,  Queen  Anne's  Gate,  S.W. 


M    ILLUMNAriNG 
ENGINEER.  ""' 

LEON     GASTERw^ 


THE   JOURNAL   OF    SCIENTIFIC 

ILLUMINATION . 

OFFICIAL     ORGAN     OF    THE 

^Uumtnatina  Bnaineeriua  Society. 

(Pounded  in  London,   1909.) 

ILLVMINATING  LNGINEERING  PUBLISHING  COMPANY,  I>TD. 

Publishing  Offices  :— ATHEN.EUM  PRESS    13,  BREAM'S  BUILDINGS,  LONDON,  E.G. 

Tel.  No.  2120  Central. 

Editorial  Offices  :— 32,  VICTORIA  STREET,  LONDON,  S.W. 

Tel.  No.  5215  Victoria. 


EDITORIAL. 


The     Illuminating     Engineering    Society. 

What  It  Is  and  What  It  Does. 

In  this  number  we  are  publishing  the  account  of  the  fourth  Annual 
General  Meeting  of  the  Illuminating  Engineering  Society,  and  the 
Report  of  the  Council  for  the  past  year. 

At  the  present  time  there  should  be  no  need  to  enlarge  on 
the  aims  of  the  Society,  which  are  well  known.  Readers  can 
obtain  full  information  on  this  subject  by  studying  the  Annual 
Reports  for  the  last  four  years.* 

But  there  are  two  fundamental  points  specially  provided 
for  in  the  Constitution  of  the  Society  that  deserve  mention : 
there  is,  first,  the  provision  of  an  impartial  platform  for  the  dis- 
cussion of  problems  of  illumination,  on  which  not  only  engineers 
interested  in  various  systems  of  lighting,  but  other  experts  (medical 
men,   architects,   &c.)    can  meet   and  express   views.     Provision 

*  Sre  III.  Eng.   Lond.,  vol.  ii.  1909,  p.  825  :  vol.  iii.  1910,  p.  379  ;  vol.  iv.  I'JIl,  p.  339  ; 

vol.  V.  i;)12,  p.  299. 
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has  been  made  for  the  representation  of  all  these  sections  on  the 
Council.  The  idea  has  been  to  secure  that  all  illuminants  should 
be  adequately  represented,  but  that  no  one  section  should  prevail  ; 
and  that,  as  far  as  possible,  all  the  various  outside  experts  interested 
in  illumination  should  take  a  part. 

The  experience  of  the  past  four  years  has  shown  that  this 
aim  is  entirely  practicable.  The  Council  has  transacted  its 
business  smoothly  and  pleasantly,  and  the  meetings  of  the  Society 
have  been  singularly  free  from  controversial  acrimony.  There  are 
naturally  some  points  on  which  gas  and  electric  hghting  experts 
disagree.  But  it  is  recognized  that  there  is  also  a  vast  field  where 
both  can  labour  and  derive  benefit. 

A  second  point  which  impressed  those  responsible  for  the 
starting  of  the  Society  was  the  need  for  international  action.  The 
growth  of  interest  in  lighting  problems  has  not  been  confined 
to  any  one  country.  Illuminating  Engineering  is  still  in  its 
infancy.  But  even  at  the  time  the  Society  was  formed  tentative 
rules  and  recommendations  were  already  crystallizing,  and  it  was 
evident  that  unless  provision  was  made  for  common  action  there 
might  be  inconvenience  in  the  future.  Moreover,  developments 
in  the  field  of  lighting  are  so  rapid  that  it  is  vital  for  every 
one  to  keep  in  touch  with  the  advances  in  other  countries.  The 
Illuminating  Engineering  Society  decided  at  an  early  date  to 
make  a  special  feature  of  international  co-operation,  and  it  has 
now  distinguished  Corresponding  Members  in  practically  all  the 
chief  cities  of  the  Continent  and  of  America. 

Another  point  to  be  observed  is  that  the  Illuminating  Engi- 
neering Society  differs  from  most  purely  technical  and  professional 
bodies  in  being  in  direct  touch  with  the  general  pubhc.  The 
Society  has  received  distinguished  support  (a  glance  at  the  Hst 
of  members  on  pp.  368-86  wiU  confirm  this),  and  may  justly 
claim  that  the  discussions  at  its  meetings  have  reached  a  high 
scientific  standard. 

Yet  at  the  same  time  it  opens  its  doors  to  all  who  are  interested 
in  lighting  problems.  At  present  the  Society  does  not  insist  on 
definite  professional  acquirements,  and  the  conditions  of  member- 
ship are  simple  and  easily  fulfilled.  We  are  all  of  us  engaged  on 
"  a  career  of  self-education,"  and  it  is  recognized  that  the  experi- 
ence of  the  man  who  uses  illumination  can  often  make  valuable 
suggestions  to  the  lighting  expert. 

^  Moreover,  illumination  is  a  subject  of  such  widespread 
national  importance  that  it  can  only  be  treated  on  wide  lines. 
Literally  every  one  is  interested  in  light.  It  is  necessary  not  merely 
to  train  a  number  of  professional  experts,  but  to  educate  the 
general  public  as  well. 
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A  feature  of  the  Society's  meetings  has  been  the  way  in  which 
it  has  fraternized  with  other  bodies  only  indirectly  interested  in 
lighting,  and  has  sought  their  help  and  advice  when  needed. 
For  example,  the  co-operation  of  the  Library  Association  was 
obtained  in  deahng  with  library  lighting  ;  the  Association  of 
Medical  Officers  in  Schools,  the  Association  of  Teachers  in  Technical 
Institutions,  and  other  bodies  took  part  in  the  discussion  of  school 
lighting.  The  associations  were  subsequently  represented  on 
the  Joint  Committee  appointed  to  investigate  on  these  sub- 
jects, the  interim  reports  on  which  appear  in  this  number  (see 
pp.  364-7).  The  committees  are  still  at  work,  and  their  tenta- 
tive general  recommendations  will  doubtless  be  supplemented 
by  more  detailed  suggestions  in  course  of  time.  But  we  believe 
that  even  if  these  preliminary  suggestions  are  carried  out,  a  great 
improvement  in  school  and  library  lighting  throughout  the 
country  will  result.  With  the  help  of  the  associations  represented 
on  the  committees,  the  reports  will  doubtless  receive  widespread 
publicity,  and  their  influence  should  be  very  great. 

We  should  like  to  add  that  the  unanimous  agreement  of  the 
committees  on  these  reports  shows  that  gas  and  electrical  engineers, 
as  well  as  outside  experts,  are  willing  to  work  together  on  matters 
of  illumination.  Each  clause  in  the  reports  was  keenly  debated  ; 
the  result  is  a  compromise  that  should  be  generally  acceptable. 

Another  instance  of  such  educational  work  was  the  issue  of 
the  popular  series  of  recommendations  on  lighting,  entitled  '  Light 
and  Illumination  :  their  Use  and  Misuse.'  Here,  again,  the  subject- 
matter  was  recognized  to  be  applicable  both  to  gas  and  electric 
lighting,  and  two  separate  editions  of  the  pamphlet  have  been 
circulated,  having  respectively  photographs  of  rooms  lighted  by 
gas  and  electricity,  but  illustrating  the  same  principles.  This 
publication  has  been  very  widely  circulated,  and  has  met  with 
an  extraordinary  amount  of  attention  in  the  press. 

Not  the  least  important  section  of  the  work  of  the  Society 
has  been  its  participation  in  recent  international  congresses  in 
Brussels,  Paris,  Milan,  and  Turin,  where  the  seed  of  great  future 
developments  has  been  sown.  The  movement  is  developing  very 
rapidly  on  the  Continent,  and  the  need  for  international  co-opera- 
tion is  no  longer  denied.  An  Illuminating  Engineering  Society 
has  now  been  formed  in  Germany,  and  it  is  hoped  that  before  long 
there  will  be  a  similar  society  to  carry  on  the  good  work  in  France. 
Recently  a  very  important  step  has  been  taken  in  the  formation 
of  a  representative  Committee  in  this  country  to  consider  the 
promotion  of  an  International  Commission  on  Illumination. 

Wherever  we  turn  we  find  the  subject  of  illumination  forcing 
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itself  upon  public  attention.  At  the  International  Road  Congress 
that  has  just  terminated  in  London,  several  important  recom- 
mendations insisting  on  the  need  for  improved  street  illumination 
were  warmly  supported.  It  has  just  been  announced  that  the 
National  Gas  Exhibition  to  be  held  this  autumn  is  to  receive  the 
patronage  of  royalty,  and  illumination  will  be  a  special  feature. 

What  is  perhaps  the  crowning  recognition  of  the  Society's 
efforts  is  the  appointment  by  the  Home  Secretary  of  a  Depart- 
mental Committee  on  Industrial  Illumination.  A  Committee 
with  similar  aims  has  been  established  in  France,  and  it  is  hoped 
the  two  countries  will  exchange  information  and  work  together. 
There  can  be  no  question  but  that  the  labour  of  these  committees 
will  have  a  deep  influence  on  the  lighting  of  the  future. 

Now  we  ask  our  readers  to  remember  that  all  this  has  been 
accomplished  within  the  space  of  four  years,  with  a  still  compara- 
tively small  membership,  and  an  exceedingly  moderate  subscrip- 
tion. Few  societies,  we  think,  could  do  as  much  for  their 
members  on  the  present  terms. 

The  cause  is  one  which  deserves  enthusiasm  and  support  as 
fully  as  any  now  before  the  public.  When  one  considers  the 
immense  benefit  to  the  nation  of  good  lighting,  the  irreparable 
harm  that  may  be  done  to  the  eyes  and  health  of  children  in  schools 
and  operators  in  factories  by  working  in  defective  illumination, 
and  the  enormous  commercial  waste  to  which  faulty  conditions  of 
light  give  rise,  one  cannot  but  feel  that  money  spent  in  researches 
on  this  subject  would  be  well  repaid. 

Many  of  those  who  have  no  direct  technical  interest  in  lighting 
should  support  this  work.  But  we  would  point  out  that  the  claim 
on  those  who  are  directly  connected  with  the  technical  side  of 
illumination  is  infinitely  greater.  Those  who  join  the  Society 
are  brought  in  touch  with  the  latest  developments  of  the  industry, 
and  they  are  given  opportunities  of  meeting  those  "  in  the  opposite 
camp  "  which  they  could  hardly  secure  elsewhere.  It  goes 
without  saying  that  the  lighting  industry  as  a  whole  will  derive 
immense  benefit  from  this  movement,  and  it  is  both  their  duty  and 
their  interest  to  take  a  share. 

The  movement  has  a  great  future.  Something  has  been 
achieved,  but  with  adequate  support  much  more  might  now  be 
done.  We  therefore  urge  upon  those  who  already  belong  to  the 
Society  the  importance  of  interesting  others  in  the  work  and  secur- 
ing a  considerably  increased  membership  during  the  coming 
session. 

Leon  Gaster. 
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TRANSACTIONS 


Cljt   JHluminatins    Cnsinttrins   ^octttp 

(FOUNDED  IN  LONDON,   1909)- 

The  Illarninating  Engineering  Society  is  not,  as  a  body,  responsible  for  the  opinions 
expressed  by  individual  authors  or  speakers. 

Annual  General  Meeting. 

[Held  at  the  House  of  the  Royal  Society  ot  Arts,  London,  W.C.    on  Tuesday,  June  3rd.   1913.] 


The  Annual  General  Meeting  of  the 
Societ}^  took  place  at  the  House  of  the 
Royal  Society  of  Arts,  on  Tuesday, 
June  3rd,  I9I3,  Mr.  F.  W.  Goodenough 
being  in  the  chair.  The  minutes  of  the 
last  meeting  having  been  taken  as  read, 
the  Hon.  Secretary  read  out  the  names 
of  new  members  in  the  usual  way.* 

The  Chairman  then  called  upon  the 
Hon.  Secretary  to  read  an  abstract  of 
the  Annual  Report  of  the  Council, 
which  will  be  found  in  extenso  on  pp. 
357-63. 

Mr.  Frank  Bailey,  in  proposing 
the  adoption  of  the  report,  pointed  out 
the  excellent  record  of  work  it  con- 
tained. All  members  Avould  be  pleased 
to  note  the  influential  position  now 
occupied  by  the  Society,  a  result 
which  was  largely  due  to  the  devotion 
of  its  officers,  ^v\\o,  he  might  add, 
laboured  in  an  entirely  honorary  capa- 
cit3^  They  could,  therefore,  see 
that  the  work  of  the  Society  had  not 
only  been  Avell  done,  but  also  very 
inexpensively  done.  He  had  much 
pleasure  in  proposing  : — 

"  That  the  Report  of  the  Council 

for  the  session  Nov.,  1912-May,  1913, 

be  formally  adopted." 

Mr.  R.  J.  Wallis-Jones  briefly 
seconded  the  motion,  which  was  de- 
clared carried  unanimously. 

Mr.  W.  C.  Clinton  then  moved  : — 

"  That  this  meeting  extends  a 
cordial  vote  of  thanks  to  the  Council 
and  officers  for  their  efforts  on  behalf 
of  the  Society  during  the  past 
session." 

*  See  p.  38fi. 


No  words  from  him,  Mr.  Clinton 
added,  were  needed  to  support  the 
motion.  They  had  heard  from  Mr. 
Bailey  of  the  great  debt  A\hich  tlie 
members  OAved  to  the  officers  of  the 
Society,  and  he  would  like  to  make 
special  reference  to  the  efforts  of  the 
Hon.  Secretary  and  the  Assistant  Hon. 
Secretary  in  this  connexion.  He  felt 
sure  that  all  those  present  would 
appreciate  the  way  in  which  the 
affairs  of  the  Society  had  been  carried 
on  by  the  Council  during  the  past  j^ear. 

Mr.  J.  G.  Clark,  in  seconding  the 
motion,  said  that  the  work  of  tlie 
Society  was  one  of  real  national 
importance.  The  recognition  of  its 
value  to  the  community  was  due 
largely  to  the  policy  pursued  by  the 
Council.  He  had  much  pleasure  in 
seconding  the  motion. 

The  resolution  having  been  carried 
unanimously,  The  Chairman  expressed 
the  thanks  of  the  Council  to  the 
members,  and  added  that  he  wished 
to  associate  himself  with  M'hat 
had  been  said  with  regard  to  the 
valuable  services  of  Mr.  Gaster  and 
Mr.  Dow. 

Mr.  L.  Gaster  also  thanked  those 
present  for  their  kind  remarks.  They 
kncAV  that  the  work  done  by  tlie 
officers  on  behalf  of  the  Society  had 
been  a  jjleasiu'c  as  ancU  as  a  labour, 
and  it  had  been  lightened  ])y  the  fact 
of  liaving  the  support  of  such  a  liar- 
monious  and  appreciative  Council. 

Mr.  G.  Darch  next  moved  : — 

"  Tliat    this    Meeting    extends    a 
cordial  vote  of  thanks  to  the  Hon. 
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Auditors  of  the  Society  for  their 
services,  and  that  these  gentlemen 
be  requested  to  act  in  this  capacity 
for  another  j^ear." 

Previous  speakers,  he  remarked,  had 
drawn  attention  to  the  fact  that  the 
Societ}^  was  spared  many  usual  ex- 
penses, such  as  salaries,  rent  for 
offices,  &c.,  for  which  members  should 
be  very  grateful.  But  he  wished  to 
point  out  that  the  subscriptions  of 
a  considerable  number  of  members 
were  in  arrear,  and  he  hoped  these 
members  would  recognize  that  it  was 
their  obvious  duty  to  pay  in  their 
subscriptions  without  delay .^ 

Mr.  J.  Wyatt  Ife  seconded  the 
resolution,  which  was  carried  unani- 
mously. 

The  Chairman  then  proposed  the 
follow  ing  resolution  : — 

"  That  this  Meeting  desires  to 
express  a  cordial  Vote  of  Thanks  to 
the  Royal  Society  of  Arts  for  the 
courteous  permission  to  make  use  of 
the  rooms  during  the  past  session, 
and  to  record  its  appreciation  of  the 
encouragement  and  support  which 
the  Society  has  received." 


The  resolution,  he  said,  was  one  with 
which,  he  felt  sure,  all  present  would 
desire  to  associate  themselves. 

Mr.  Haydn  T.  Harrison  seconded, 
and  the  vote  of  thanks  was  carried 
with  acclamation. 

In  conclusion,  IVIr.  R.  J.  Wallis- 
Jones  said  that  he  had  to  perform  the 
pleasing  duty  of  asking  the  members 
to  give  a  very  cordial  vote  of  thanks 
to  their  Chairman.  IVIr.  Goodenough 
was  an  excellent  illustration  of  the 
saying  that  the  busy  man  always  has 
the  most  time.  In  spite  of  pressing 
work,  he  had  constantly  presided  over 
the  Council  meetings  in  a  most  able 
and  courteous  manner,  and  the  Society' 
w^as  greatly  indebted  to  him  for  the 
attention  he  had  devoted  to  its  affairs. 

Mr.  0.  P.  Macfarlane  seconded  the 
vote  of  thanks,  remarking  that  it  had 
been  a  great  pleasure  to  the  Council 
to  have  Mr.  Goodenough  for  their 
Chairman,  and  the  motion  was  carried 
with  acclamation. 

The  Chairman  briefly  expressed  his 
appreciation  of  these  remarks,  and  the 
meeting  then  terminated. 


The  Jubilee  Meeting  of  the  Institution  of  Gas  Engineers. 


During  the  past  month  tlie  ju])ilee 
meetuig  of  the  Institution  of  Gas 
Engineers  has  taken  j)lace.  The  occa- 
sion was  naturally  a  great  one  in  the 
history  of  the  gas  industry,  and  a 
keen  appreciation  was  expressed  of 
the  great  services  of  Sir  Corbet  Woodall. 
D.Sc,  M.In.st.C.E.,  who  presided.  A 
special  feature  of  the  proceedings  was 
the  presence  of  delegates  from  the 
gas  associations  in  foreign  countries. 
At  the  Jubilee  Dinner,  lield  at  the 
Connauglit  Rooms  on  June  IStli,  many 
distinguished  guests  were  present,  and 
the  evening  A\'as  a  great  success. 

Our  space  does  not  allow  us  to  do 
more  than  mention  some  of  the  events, 
and  readers   may   be   referred   to   the 


usual  able  summary  in  the  Journal 
of  Gas  Lighting  (June  24th).  A  phrase 
in  Sir  Corbet's  address  that  deserves 
to  be  perpetuated  was  his  advice  to  the 
industry  to  make  known  to  the  public 
wdiat  gas  can  do.  "  Tell  the  people 
about  it ;  let  them  have  it  at  the 
cheapest  rates  ;  and  show  them,  hoiv 
to  use  it.''' 

This,  we  take  it,  will  be  the  object  of 
the  great  National  Gas  Exhibition, 
to  take  place  in  the  autumn  of  this 
year.  It  was  interesting  to  learn 
that  the  King  and  Queen  have  graciously 
consented  to  patronize  the  exhibition 
— truly  a  striking  recog-nition  of  the 
important  part  played  by  illumination 
in  the  social  Life  of  to-day. 
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Report    of    the     Council    for    the    Session, 
November,  1912— May,  1913. 

[Presented  at  the  Annual  Meeting  held  at  the  house  of  the  Ro3'al  Society  of  Arts,  on  Tuesday, 

June  3rd.,  at  5.30  p.m.] 


In  accordance  with  the  usual  custom 
the  Council  is  issuing  a  Report  of 
Progress  during  the  present  session. 

A  feature  of  tlie  past  year  has  been 
the  effective  co-operation  arranged 
with  other  societies  and  institutions^ 
and  the  establishment  of  international 
relations ;  while  the  formation  of  an 
Illuminating  Engineering  Society  in 
Germany  is  an  mdication  that  the  work 
so  far  carried  out  in  this  country  is 
appreciated  abroad.  Our  Societj^  is 
in  an  exceptionally  fortunate  position 
in  being  able  to  act  as  a  link  between 
the  Continent  and  America,  and  as  a 
centre  ol  information  on  matters  con- 
nected Avith  illumination ;  it  should 
therefore  be  of  great  service  in  preparing 
the  way  for  future  international  co- 
operation. 

Increased  Membership  and  Support. 

A  number  of  influential  authorities 
on  the  Continent  have  again  joined 
the  Society  as  Corresponding  Members. 
Among  these  may  be  mentioned  Dr. 
Motais,  Secretary  of  the  Government 
Committee  on  Illumination  in  France  ; 
Dr.  J.  P.  Nuel,  Professor  at  the  Uni- 
versity of  Liege  ;  Dr.  C.  P.  Steinmetz 
and  Dr.  Whitney  (Schenectady),  and 
Signor  F.  Massarelli  (Milan). 

As  provided  in  the  constitutions  of  the 
Society,  three  Honorary  Members  have 
been  nominated  during  the  year : 
namely,  Signor  L.  Pontiggia,  President 
of  the  International  Congress  for  the 
Prevention  of  Industrial  Accidents  in 
Milan  (1912)  ;  Sir  Arthur  Whitelegge, 
Chief  Inspector  of  H.M.  Factories  in 
Great  Britain ;  and  Prof.  Warburg, 
Director  of  the  Technlsche  Physikal- 
isclie  Reichsanstalt  of  Charlottenburg 
and  first  President  of  the  German 
Illuminating  Engineering  Society. 


In  addition  the  Council  has  nominated 
Dr.  R.  T.  Glazebrook,  Director  of  the 
National  Physical  Laboratory,  a  Vice- 
President. 

The  membership  of  the  Society  now 
exceeds  four  hundred.  The  following- 
figures  will  serve  to  show,  roughlj^ 
the  proportions  in  which  the  various 
interests  are  represented  : — 

Per  Cent. 

Electrical  Engineers  and  Members  con- 
cerned mainly  with  electric  lighting 

Gas  Kngineers,  Manufacturers  of  Gas 
Appliances,  &c 

l'r(i}e.ssors  of  Thjsics  and  Engineering 
Experts  in  Photom  try,  &c 

Represeiitativesof  Oil,  Acetj  lene,  Petrol 
Air  Ct.is  Lighting,  &c 7 

Physicians,  Occulists,  Opticians,  kc.   ...         9 

Architects,  Surveyors,  &c.  5 

Miscellaneous,  including  Public  Light- 
ing Superintendents,  Mechanical  En- 
gineers, Makers  of  Shades  and  Reflec- 
tors, and  others  not  exclusively 
connected  with  any  one  system  of 
lighting      ■      13 


H5 
19 


12 


100 

The  proportions  are  substantially 
the  same  as  those  presented  at  the  last 
Annual  Meeting.  The  proportion  of 
electrical  engineers  has  slightly  in- 
creased. Fuller  representation  of  the 
gas  industry  is  desirable,  and  it  is 
hoped  that  the  marked  development 
of  interest  in  the  illuminating  engineer- 
ing side  of  gas  lighting  will  lead  to 
additional  members  l)eing  secured. 

Meetings  of  the  Society  during 
the  Past  Year. 
During  the  past  year  seven  meetings, 
not  including  the  Annual  (Jenerai 
Meeting,  have  been  held.  The  first 
meeting,  on  Tuesday,  Novcnnber  lOth. 
was  devoted  mainly  to  a  summary  of 
progress  during  tl\e  vacation  presented 
by  Mr.   L.   Gaster.*     The   fact  of  its 

*  Ilhmi.  Eng..  Vol.  v.,  1912,  p.  643. 
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being  found  necessarj^  to  issue  a  report 
of  events  occurring  at  this  period  of 
the  year  is  surety  an  excellent  indica- 
tion of  the  activitj'  of  the  Society. 
The  remainder  of  the  meeting  was 
given  up  to  a  series  of  short  items, 
including  the  exhibition  of  an  inter- 
esting collection  of  ancient  forms  of 
lamps,  kindly  shown  by  Mr.  J.  W. 
Johnston. 

On  December  3rd  a  paper  was  pre- 
sented by  Mr.  F.  W.  Willcox,  entitled 
'  Modem  Methods  of  Indirect  Lighting,' 
and  at  the  following  meeting,  on 
January  I4th,  t^^•o  papers  dealing 
respective^  with  acetylene  and  petrol 
air-gas  ligliting  were  delivered  by  Mr. 
C.  Hoddle  and  Mr.  E.  Scott-SnelL 

At  the  next  meeting  of  the  Societ5^ 
on  February  18th,  a  paper  entitled 
'  Some  Xotes  on  the  Use  of  Shades 
and  Reflectors,'  and  dealing  with  some 
principles  common  to  all  illuminants, 
was  read  by  jNIr.  J.  G.  Clark  and  Mr. 
V.  H.  Mackinney. 

Tuesday,  March  11th,  was  devoted 
to  a  special  lecture  by  I\Ir.  W.  J.  Liberty 
entitled  '  The  Centenary  of  Gas  Light- 
ing and  its  Historical  Development.' 
The  subject  of  the  lecture  was  selected 
in  view  of  the  past  year  being  the 
centenary  of  gas  supply  and  the  present 
year  the  jubilee  of  the  Institution  of 
Gas  Engineers  ;  a  special  invitation 
was  issued  to  the  members  of  this  insti- 
tution to  be  present,  and  the  attendance 
was  a  record.  A  reprint  of  the  lecture 
has  since  been  exceptionally  widely 
circulated,  and  will  doubtless  do  much 
to  spread  among  the  gas  industry'  a 
knowledge  of  the  work  of  the  Society. 

At  the  last  two  meetings  of  the  session 
the  time  was  given  up  to  joint  meetings 
with  the  Institutions  of  Gas,  Electrical, 
and  Municipal  and  County  Engineers. 
It  will  be  recalled  that  a  committee, 
composed  of  representatives  of  these 
institutions  and  the  Illuminating  Engi- 
neering Society,  was  formed  early  in 
1911,  and  has  since  been  engaged  in 
the  task  of  framing  a  draft  specifica- 
tion on  Street  Lighting.  Meantime, 
Mr.  A.  P.  Trotter  had  kindly  consented 
to  read  a  paper  on  '  Street  Lighting  ' 
before  the  Illuminating  Engineering 
Societj',  but  the  date  had  been  left 
over  in  the  hope  that  the  report  of 


this  committee  Mould  be  available 
later  in  the  session.  It  was  subse- 
quently decided  to  take  advantage 
of  the  impartial  i^latform  of  the  Society 
for  a  general  discussion  of  the  principles 
embodied  in  the  specification — a  com- 
pliment of  which  the  Societj^  has  every 
reason  to  feel  proud.  Permission  was 
accorded  to  INIr.  A.  P.  Trotter  to  make 
use  of  information  brought  before  the 
Committee,  and  much  of  this  was 
embodied  in  his  paper  entitled  *  Stand- 
ard Clauses  for  Inclusion  in  a  Specifica- 
tion of  Street  Lighting.' 

This  paper  was  presented  before  a 
joint  meeting  of  the  four  societies 
interested,  held  in  the  house  of  the 
Royal  Society  of  Arts,  on  Tuesday, 
April  15th  ;  OA\ing  to  the  large  number 
of  ^prospective  speakers  it  was  decided 
to  resume  the  discussion  at  a  second 
meeting  on  April  29th.  The  general 
committee  will  reconsider  the  specifica- 
tion, taking  into  account  the  views 
expressed  at  these  two  meetings,  and 
it  is  hoped  that  this  will  be  the  means 
of  suggesting  a  basis  of  agreement. 

Some    Other   Papers    Read    dtjring 
THE  Year. 

It  may  be  of  interest  to  mention  some 
other  events  of  the  year  in  which 
members  of  the  Society  have  been 
concerned.  At  the  Optical  Convention 
held  in  London  in  June  an  inspiring 
address  was  delivered  by  Prof.  Silvanus 
P.  Thompson.  A  feature  of  the  Con- 
vention was  the  attention  given  to 
photometry  and  illuminating  glass- 
ware. Shades  and  reflectors  for  use 
Avith  gas  and  electric  illuminants  M'ere 
shoAvn  side  by  side,  and  polar  curves 
showing  the  distribution  of  light  were 
exhibited  in  each  case.  Several  papers 
were  also  presented  by  members  of  this 
Society. 

At  a  meeting  of  the  Royal  Society  of 
Arts  on  February  5th  a  paper  was 
read  by  Mr.  L.  Gaster  entitled  '  The 
Economic  and  Hygienic  Value  of  Good 
Illummation,'  the  chair  being  taken 
by  Sk  Arthur  White legge.  Shortly 
aftenvards  Mr.  Frank  Bailey  read  a 
paper  before  the  same  Society  dealing 
with  the  Electric it}^  S^ipply  of  London, 
and  the  Chairman  of  the  Council  (Mr. 
F.  W.  Goodenough)  has  been  deliver- 
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ing   a    series    of    Cantor    Lectures    on 
the  domestic  use  of  gas  for  fuel. 

At  a  meeting  of  the  Manchester 
Association  of  Engineers  on  January 
25th,  three  papers  dealing  with  the 
hghting  of  engineering  Avorks  by  gas, 
oil,  and  electricity  were  read  by  Mr. 
Franklin  Thorp,  Mr.  J.  E.  Evered, 
and  Mr.  Haj  cln  T.  Harrison  respectively 
(all  of  whom  are  members  of  the  Illu- 
niinating  Engineering  Society).  The 
success  of  the  meeting  illustrates  the 
practicability  of  discussing  tlie  uses 
of  these  rival  illuminants  amicabty  on 
a  common  platform.  An  attempt  was 
made  to  present  the  papers  in  such  a 
form  as  to  be  comparable  one  with 
another.  In  each  case  the  author  was 
asked  to  light  a  workshop  of  specified 
dimensions,  and  the  illumination  pro- 
vided, as  well  as  the  cost  of  the  re- 
spective systems,  was  mentioned. 

The  Annual  Dinner. 

The  Annual  Dinner  took  place  on 
February  lOth,  Prof.  Silvanus  P. 
Thompson,  F.R.S.,  being  in  the  chair. 
The  toast  of  "  The  Illuminating  Engi- 
neering Society  "  was  proposed  by  Mr. 
Frank  Bailey  and  the  President  replied 
with  liis  inimitable  felicity.  Mr.  F.  W. 
Goodenough  proposed  the  toast  of 
"  Kindred  Societies,"  and  Mr.  Duddell 
(President  of  the  Institution  of  Elec. 
Engineers),  Mr.  Edward  Allen  (Senior 
Vice  -  President  of  the  Institution  of 
Gas  Engineers),  and  Dr.  LaAvford 
(President  of  the  Ophthalmological 
Societ}^)  responded.  The  toast  of 
"  Tlie  Guests,"  proposed  by  the 
Hon.  Secretary,  was  replied  to  by 
Sir  Arthur  Whitelegge  (H.M.  Chief 
Inspector  of  Factories)  and  Sir  Lau- 
rence Gomme  (Clerk  to  the  London 
County  Council).  The  proceedings  ter- 
minated with  the  final  toast  of  "  The 
Chairman,"  proposed  by  Dr.  R.  T. 
Glazebrook,  F.R.S. 

The  attendance  showed  a  consider- 
able increase  over  that  at  the  dinner 
in  1912,  and  the  Society  was  fortunate 
in  securing  the  presence  of  such  repre- 
sentative and  distinguished  guests. 

Special  Committees  on  School  and 
LiBRAEY  Lighting. 
The  joint  committees  on  school  and 
library  lighting  have   been  continuing 


their  labours.  In  each  case  it  has  been 
agreed  that  more  detailed  and  ex- 
haustive inquu'ies  are  needed  on  some 
of  the  matters  under  consideration. 
The  committees,  therefore,  propose 
to  issue  interim  reports  in  which  the 
main  points  already  agreed  upon  are 
stated  in  general  terms.  The  com- 
mittees will  continue  in  existence  with 
a  view  to  presenting  subsecjuently 
more  detailed  information,  and  will 
continue  to  act  as  a  permanent  centre 
of  information  on  these  subjects. 

Lectures  on  Illumination. 

A  course  of  lectures  on  Illumination 
has  again  taken  place  at  the  Poly- 
technic (Regent  Street,  London,  W.), 
the  lecturers  being  all  members  of  the 
Society.  The  fact  of  the  same  course 
being  run  successfully  two  j^ears  in 
succession  shows  there  is  a  steady 
demand  for  information  on  this  sub- 
ject, and  it  is  hoped  that  courses  of 
this  kind  will  become  a  regular  feature. 

'  Light    and    Illumination  :     their 
Use  and  Misuse.' 

During  the  vacation  last  yescr  the 
Hon.  Secretary  paid  a  visit  to  the 
L^nited  States,  in  the  course  of  which 
he  had  an  opportunity  of  meeting 
many  prominent  members  of  the  Ame- 
rican Illuminating  Engineering  Society, 
and  of  arranging  for  closer  co-operation 
between  the  two  bodies.  The  enter- 
prising step  recently  taken  in  the 
United  States  of  issuing  a  small  pam- 
phlet summarizing  some  of  the  finida- 
mental  rules  in  good  lighting  had 
aroused  much  interest ;  it  was  accord- 
ingly arranged  to  prepare  a  similar 
pamphlet  for  distribution  in  this  country 
so  that  the  proposals  emanating  from 
both  sides  of  the  Atlantic  should  be  in 
agreement.  A  booklet  entitled  '  Light 
and  Illumination  :  their  Use  and  Mis- 
use '  was  prepared  by  the  Editing 
Committee  of  the  British  Society,  and 
was  issued  early  in  the  present  year. 
The  principles  are  similar  to  those 
first  advocated  in  the  American 
publication,  the  subject-matter  being 
merely  sliglitly  modified  to  suit  the 
conditions  in  this  country.  A  con- 
siderable number  of  these  pamphlets 
has     already     been     issued,     and     it 
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has    received    an    exceptional    amount 
of  attention  in  the  press. 

The  printing,  paper,  and  some  of  the 
ilhistrations  have  been  specially  de- 
signed. The  subject-matter  is  inde- 
pendent of  any  ilhiminant,  but  arrange- 
ments have  been  made  for  two  editions, 
having  respectivelv  illustrations  relating 
to  gas  and  electricity.  The  recom- 
mendations are  of  a  simple  and 
general  character,  and  it  is  hoped 
in  the  future  to  supplement  them  ])y 
more  detailed  suggestions  covering 
special  problems  in  lighting. 

The    Geeman    Illuminating    Engi- 
NEERiKG  Society. 

The  announcement  at  the  commence- 
ment of  the  present  session  that  an 
Illuminating  Engineering  Society  had 
been  formed  in  Germany  naturally 
aroused  mucli  interest.  The  Hon. 
Secretary,  while  in  Berlin  last  summer, 
paid  a  visit  to  the  Reichsanstalt,  where, 
f)t  the  request  of  Dr.  Brodhun  and  Dr. 
E.  Liebenthal,  lie  gave  an  account  of 
the  work  of  the  British  Society.  Mean- 
time full  particulars  of  the  rules  and 
the  constitution  of  our  Society  had 
been  sent  to  the  Reichsanstalt  at  the 
request  of  Dr.  Hagen.  This  informa- 
tion was  naturally  of  considerable 
value  in  suggesting  the  methods  to  be 
followed  in  forming  the  Society  in 
Germany,  and  indicating  the  lines  of 
future  co-operation  between  the  two 
bodies. 

A  committee  to  settle  the  prelimin- 
aries, of  which  Prof.  Warburg  (Director 
of  the  Reichsanstalt)  Avas  the  President, 
and  Dr.  E.  Liebenthal,  Secretary,  was 
next  formed.  The  committee  also  re- 
ceived assistance  from  Herr  Dettmar 
(Secretary  of  the  Verband  deutscher 
Elektrotechniker)  and  Dr.  Bunte  (Secre- 
tary of  the  Verein  fiir  Gas  imd  Wasser- 
fachmanner). 

The  first  meeting  of  the  Societ}^  took 
place  on  February  25th,  when  an 
address  was  delivered  by  the  President 
and  a  lecture  on  '  Illumination  and  the 
Eye,'  by  Prof.  Dr.  O.  Lummer.  At  this 
date  the  Society  had  already  em-olled 
over  200  members,  many  of  M'hom 
are  Corresponding  Members  of  our  o-rni 
Society. 


A  telegram  was  dispatched  to  Prof. 
Warburg,  expressing  the  good  wishes 
of  the  British  Society,  and  received  a 
cordial  acknowledgment.  The  need  for 
an  Illuminating  Engineering  Society  to 
represent  the  views  of  those  interested 
in  this  subject  in  Germany,  and  to 
provide  for  international  co-operation, 
is  evident.  The  Society  is  fortunate 
in  having  behind  it  the  influential 
support  of  the  Reichsanstalt,  and  with 
this  encouragement  its  prosperity 
should  be  assured. 

Annual  Congresses  and  Exhibitions. 

In  the  '  Report  of  Progress  during 
the  Vacation  '  an  account  was  given 
of  the  important  Congress  for  the 
Prevention  of  Industrial  Accidents, 
held  in  Mian  at  the  end  of  May,  1912. 

At  this  Congress  the  Hon.  Secretary 
was  present  as  a  representative  of  the 
Society,  and  read  a  paper  on  the 
Value  of  Good  Illumination  as  a 
Means  of  Preventing  Accidents.  The 
Congress  was  under  the  patronage  of 
the  King  of  Italy,  and  received  Govern- 
ment support,  about  450  delegates 
and  members  being  present.  There  is 
every  reason  to  hope  that  the  visit 
will  lead  to  useful  results. 

During  Whitsun  week  of  the  present 
year  an  Annual  Congress  of  the  Royal 
Institute  of  Pubhc  Health  was 
held  in  Paris.  A  special  discussion, 
entitled  '  Lighting  as  a  Health  Factor 
in  Occupation,  and  its  Influence  on  the 
Prevention  of  Accidents,'  was  opened 
by  Mr.  L.  Gaster  on  behalf  of  the  Illu- 
minating Engineering  Society.  This 
section  was  presided  over  by  Sir 
Thomas  Oliver,  and  provided  a 
valuable  opportunity  of  interesting 
medical  men  in  the  illuminating  engi- 
neering movement. 

It  may  also  be  mentioned  that 
illummation  is  to  be  a  special  feature 
at  the  National  Gas  Exhibition,  to  be 
held  at  Shepherd's  Bush  during  the 
present  year.  The  assistance  of  the 
Illuminating  Engineering  Society  has 
been  invited,  and  it  is  hoped  to  make 
lull  use  of  this  occasion  to  interest 
the  general  public  in  illumination,  and 
to  provide  practicrl  examples  of  good 
lighting. 
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The  Illumination  of  Mines  and 
MiNEEs'  Nystagmus. 

A  brief  reference  may  be  made  to  the 
question  of  illumination  in  mines,  re- 
ferred to  in  the  '  Report  of  Progress 
during  the  Vacation.' 

Meclical  authorities  have  been  con- 
cerned bj^  the  development  in  certain 
mines  of  a  nervous  disease  of  the  ejTS 
— ^nystagmus.  The  matter  was  re- 
ferred to  at  the  Brussels  Congress  in 
1910,  and  was  also  mentioned  in  a 
question  addressed  to  the  Home  Secre- 
tary by  Mi".  Arthur  Lynch  in  the  House 
of  Commons  last  year.  From  re- 
searches carried  out  by  Dr.  T.  L. 
Llewellyn,  Dr.  Elworthy,  and  others 
there  appears  good  ground  for  believing 
that  the  disease  is  due  largely  to 
defective  illumination.  Good  lighting 
in  mines  is  also  essential  in  tl\e  interests 
of  safety.  These  considerations  led 
the  Home  Office  recently  to  offer  prizes 
to  the  value  of  £1,000  for  the  best  form 
of  miners'  lamp,  and  some  lamps 
awarded  prizes  in  this  competition  were 
shown  at  the  opening  meeting.  Similar 
competitions,  with  a  view  to  improving 
miners'  lamps,  have  been  organized 
on  the  Continent. 

The  Departmental  Committee  on 
Industrial  Illumination. 
In  the  Annual  Report  for  1911 
special  reference  was  made  to  the 
irnportant  step  taken  by  the  French 
Committee  in  appointing  a  committee 
on  the  '  Hygienic  Aspects  of  Illumina- 
tion,' and  the  hope  was  expressed  that 
a  similar  committee  would  be  estab- 
lished in  this  country.  During  the 
past  year  this  committee  has  been 
appointed  by  the  Home  Secretary, 
and  is  already  actively  at  work.  Its 
functions  are  : — 

"  To  inquire  and  report  as  to  the 
conditions  necessary  for  the  adequate 
and  suitable  lightmg  (natural  and 
artificial)  of  factories  and  work- 
shops, having  regard  to  the  nature 
of  the  work  carried  on,  the  protection 
of  the  eyesight  of  the  persons  em- 
ployed, and  the  various  forms  of 
illumination." 

The  members  of  the  Committee  are 
as  follows  : — 

Dr.  R.  T.  Glazebrook,  C.B.,  F.R.S., 


Director  of  the  National  Physical 
Laboratory  (Chairman)  ;  Mr.  Leon 
Gaster ;  Prof.  Francis  Gotch,  D.Sc, 
F.R.S.  ;  Mr.  J.  Herbert  Parsons,  M.B., 
D.Sc,  F.R.C.S.  ;  Mr.  W.  C.  D.  Whet- 
ham,  F.R.S.  ;  and  Sir  Arthur  White- 
legge,  K.C.B.,  Chief  Inspector  of  Fac- 
tories. 

The  Secretaries  of  the  Commission 
are  : — 

Mr.  D.  R.  Wilson,  one  of  H.M.  In- 
spectors of  Factories,  and  Mr.  C.  G. 
Paterson,  M.I.M.E.,  A.M.I.C.E.,  of  the 
National  Physical  Laboratory." 

The  Report  of  H.M.  Chief  Inspector 
of  Factories  for  1911,  issued  shortly 
after  the  last  Annual  Meetmg,  con- 
tained a  most  interesting  section  devoted 
entirely  to  industrial  lighting  and 
occupying  38  pages  (about  12  per  cent 
of  the  total  space  of  the  report).  The 
chief  feature  of  this  section  is  the  ex- 
haustive series  of  tests  of  illumination 
carried  out  by  Mr.  D.  R.  Wilson, 
over  2,500  measurements  of  illumina- 
tion, made  in  125  different  factories.* 

Meantime  other  countries  have  been 
active.  In  the  United  States  the 
New  York  Factory  Commission  has 
adopted  an  amendment  of  the 
existing  act  relating  to  factories,  and 
a  series  of  recommendations  has 
been  inserted  requiring  good  illumin- 
ation in  general  terms.  The  Act 
is  to  take  effect  on  October  1st,  1913.t 

The  Academic  Royale  de  Medicine  in 
Belgium  has  likewise  taken  t!ie  matter 
up.  An  important  communication  was 
put  forward  by  Dr.  Motais,  the  Secre- 
tary of  the  French  Commission  on 
Illumination,  at  a  meeting  on  Decem- 
ber 7th,  1912.  In  recapitulating  the 
circumstances  leading  to  the  formation 
of  the  committee  in  France,  Dr.  Motais 
laid  stress  on  the  desirability  of  creating 
a  smiilar  committee  in  Belgium.  The 
following  resolution  was  put  to  the 
vote  and  canied  imanimously  : — 

"  That  the  Academic  de  Medicine 

having    heard    the    ^■iews    oi    Prof. 

Motais    (Angers),     speaking    in    the 

name  of  the  Committee  on  Natural 

and  Artificial  Illumination  in  France 


*  Ilium.  Eng.,  Lond.  vol.  v.,  1012,   i.p.  382-84, 
418-22. 

t  Ilium.  Eiig.,  Lond.  Jan.  liU.'i,  p.  UJ. 
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in  his  capacity  as  general  secretary 
of  this  committee,  expressed  the 
desire  that  tlie  Belgian  Government 
should  follow  the  example  of  the 
French  Government,  and  several 
other  foreign  governments,  and 
nominate  an  official  committee 
charged  with  the  study  of  all  ques- 
tions bearing  on  natural  and  artificial 
illumuiation  and  the  hygiene  of 
vision."* 

It  may  be  hoped  that  committees 
dealing  A\ith  industrial  lighting  will 
ultimately  be  formed  in  all  the  chief 
European  countries.  Co-operation  be- 
tween these  committees  would  be  desir- 
able, so  that  they  may  be  in  a  position 
to  present  definite  proposals  at  an 
international  congress  on  illumination. 
In  this  way  general  recommendations 
on  lighting,  applicable  all  the  world 
over,  might  gradually  be  evolved. 

Financial  Position  of  the  Society. 

The  balance-sheet,  showing  the  in- 
come and  expenditure  during  1912, 
indicates  that  a  distinct  improvement 
has  taken  place  over  the  previous  year. 
The  Society  has  again  been  able  to 
carry  out  a  considerable  amount  of 
useful  work,  and  yet  to  keep  its  ex- 
penditure within  bounds.  The  cir- 
cumstances that  render  this  possible 
were  detailed  in  the  Annual  Report  for 
1912-13  t 

The  arrangement  by  which  The 
Illuminating  Engineer  acts  as  the  official 
organ  enables  the  Society  to  publish 
its  transactions,  the  cost  of  which 
would  otherwise  be  prohibitive.  The 
Society  has  also  been  fortunate  in  not 
being  called  upon  to  meet  many 
customary  expenses,  such  as  rent  of 
offices,  secretary's  salary,  &c.,  and  its 
officers,  in  an  honorary  capacity,  have 
ungrudgingly  devoted  much  time  to  its 
affairs. 

At  tlic  same  time  the  growing  acti- 
vities of  the  Society  make  the  present 

*  Ilium.  Eng.,  l.ond.,  vol.  vi.,  Jan.  1913,  p.  17. 
t  Ilhim.  Eng.,  Lond.  vol.  v.,  1912,  p.  305. 


arrangement  somewhat  burdensome, 
and  its  future  work  may  be  hampered 
unless  more  ample  funds  can  be  placed 
at  its  disposal.  A  substantial  increase 
in  membership  is  still  necessary  in  order 
that  the  Society  may  be  entirel}^  self- 
supporting  with  its  present  moderate 
subscription,  and  the  Council  desire 
to  emphasize  the  importance  of  securing 
additional  members.  The  Council  also 
desire  to  point  out  that  in  accordance 
with  Article  23  in  the  constitution  of 
the  Society  "  any  member  may  com- 
mute or  compound  for  all  future  pay- 
ments and  become  a  member  for  life,  by 
payment  of  a  sum  of  not  less  than 
£10  105.  (ten  guineas)."  It  is  hoped 
that  a  number  of  members  will  take 
advantage  of  this  method  in  order  to 
provide  additional  present  income,  and 
enable  the  Society  to  extend  the  scope 
of  its  operations  in  the  near  future. 
The  Societ}^  has  now  a  record  of  valu- 
able work  behind  it,  and  its  usefulness 
is  beyond  disjDute.  It  has  therefore  a 
right  to  expect  that  those  wlio  benefit 
by  the  movement  will  give  their  aid, 
and  enable  it  to  extend  its  present 
sphere  of  work. 

Programme  for  the  Next  Session. 

The  Council  is  now  engaged  in  con- 
sidering the  programme  for  the  next 
session.  Members  who  are  willing  to 
read  papers  are  invited  to  notify  the 
Hon.  Secretary  as  soon  as  possible, 
and  to  send  in  contributions  early  in 
the  vacation. 

A  list  of  suitable  subjects  (which, 
however,  is  not  regarded  as  exhaustive), 
will  be  found  in  the  Appendix. 

The  Council  take  this  opportunity  ot 
inviting  any  further  suggestions  as  to 
the  future  work  of  the  Society,  or 
any  subjects  which  might  receive 
special  attention  during  the  next 
session. 

By  Order  of  the  Council, 
Lkon  Gaster, 

Hon.  Secretary 


-r-va-tr^sisst^i^  CNQ^^»- 
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APPENDIX. 

List  of  Suggested  Subjects  on  which  Papers  are 

invited. 

1.  The  nomenclature  and  terminology  of  illuminating  engineering. 

2.  New  forms  of  instruments  for  measuring  light  and  illimiination  and  new  apparatus 

for  use  in  the  jjhotometrical  laboratory.     Methods  of  testing  colour.     Methods 
of  testing  the  steadiness  of  soiu'ces  of  light. 

3.  Fixture  design  :    the  compromise  between  artistic  and  illuminating  principles. 

4.  Decorative  lighting  and  illimiinating  engineering  from  the  standpoint  of  artistic 

effect  and  architectural  principles. 

5.  The  measurement  of  daylight  and  its  application  by  the  architect  to  designing 

vvindow-space,  and  the  access  of  natural  light  to  interiors.     The  value  of  i^hoto- 
metry  in  deciding  ancient  light  cases. 

6.  Simple  methods  of  calculating  beforehand  the  distribution  and  intensity  of  illu- 

mination in  interiors. 

7.  Instruction    in    illuminating    engineering  :     Courses    of    lectures    and    laboratory 

work,  &c. 

8.  The  benefits  of  good  illumination  from  the  insurance  standpoint,  and  as  a  means 

of  preventing  accidents. 

9.  Specific  problenis  in  the  lighting  of  factories  and  workshops. 

10.  Illumination  and  i^ortable  safety  lamps  for  mines,  &c. 

11.  Modern  methods  of  lighting  and  illuminants  employed  in  ships,  lighthouses,  buoya, 

coast-lights,  beacons,  &c. 

12.  The  use  of  light  for  advertising  purposes,  illmninated  signs  and  devices,  illuminated 

placards,  billboards,  notices,  &c. 

13.  The  production  of  light  of  various  coloims,  and  the  best  means  of  modifying  the 

spectra  of  artificial  illuminants  so  as  to  resemble  that  of  daylight. 

14.  Problems  encountered  in  the  lighting  of  musemns,  picture  galleries,  &c. 

15.  The  decorative  lighting  of  parks,  avenues,  and  flower  gardens,  fetes,  &c. 

16.  The  physiological  aspects  of  illumination,  and  the  effects  of  artificial  light  on  the 

eyes. 

17.  The  correct  application  of  light  in  i)rojection,   searchlights,  lanterns,  cinemato- 

graphs, &c. 

18.  The  lighting  of  billiard  tables. 

19.  The  artificial  illumination  of  athletic  grounds,  tennis  courts,  skating  rinks,  bow  ling 

alleys,  &c. 

20.  Country  house  lighting  by  private  electrical  installations,  by  acetylene,  or  by  petrol 

air-gas  and  incandescent  oil  vapour. 

21.  Theatre  lighting  :  Illumination  on  the  stage  and  its  use  to  iDroduco  scenic  effects,  &c. 

ERRATUM.  We  note  that  in  the  contiibuticm  from  Mr.  Liberty,  published  in  our  last 
number,  the  illustrations  (Figs.  3  and  4)  on  p.  387  representing  the  lighting  of  Cannon 
Street  and  Queen  Victoria  Street  respect! velj',  were  inadvertedly  interchanged. 
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The  Artificial  Lighting  of  Schools. 

[Preliminary  Report  of  the  Joint  ConiHiittee  appointed  in  1911;  issued  by  the  Illurainatirg  Engineering 
Society  with  the  approval  of  the  delegates  of  the  Associations  represented  on  this  committee.] 


Members  of  Committee. 

Prof.  W.  C.  Clinton,  Mi\  J.  Darcli, 
Dr.  W.  Ettles,  Mi-.  F.  W.  Goodenough, 
Dr.  H.  R.  B.  Hickman,  Dr.  J.  Kerr 
{chairman),  Mr.  W.  R.  Rawlings,  Mr. 
T.  E.  Ritchie,  Mr.  A.  Stokes,  Mr.  S.  E. 
Thornton,  Mr.  P.  J.  Waldram,  Mr. 
R.  J.  WalUs-Jones  representing  the 
Illuminating  Engineering  Society. 

Dr.  R.  S.  Clay,  representing  the 
Association  of  Technical  Institutions. 

Dr.  J.  H.  Vincent,  representing  the 
Association  of  Teachers  in  Technical 
Institutions. 

Mr.  E.  S.  Mortimer,  representing 
the  London  Teachers'  Association. 

Dr.  E.  H.  Nash,  representing  the 
Medical  Officers  of  Scliools  Association. 

Dr.  N.  Bishop  Harman. 
Ex-officio. 

The  President  (Prof.  S.  P.  Thompson), 
Hon.  Secretary  (Mr.  L.  Gaster),  and 
Assistant  Secretary  (Mr.  J.  S.  Dow), 
of  the  Illuminating  Engineering  Society. 

Tliis  Committee  was  appointed  in 
1911,  following  the  discussion  of  the 
papers  on  '  Natural  and  Artificial 
Illumination  of  School-Rooms,'  read 
before  the  Illuminatmg  Engineering 
Society  by  Dr.  J.  Kerr  and  Dr.  N. 
Bishop  Harman  in  that  year.  The 
first  meeting  of  the  Committee  took 
place  on  March  7th,  1912,  when  a  Hst 
of  subjects  for  consideration  was  draA\n 
up.  The  terms  of  reference  of  the 
Committee  included  both  dayhght  and 
artificial  illumination,  but  it  was  re- 
solved that  the  latter  subject  should 
be  dealt  with  first.  There  are  a 
number  of  investigations  which  still 
remain  to  be  pursued  in  detail,  but 
it  was  considered  that  the  time  was 
ripe  to  issue  an  interim  report  embod}'- 
ing  the  conclusions  so  far  reached. 

Intensity  of  Illumination  Required. 

The  intensity  of  illumination  neces- 
sary in  school-rooms  depends  on  the 
nature   of   the   work   carried   out.     In 


many  details  further  experience  is 
necessary  before  precise  limits  can  be 
assigned  to  these  quantities  in  specific 
cases. 

A  distinction  might  be  drawn  be- 
tween the  needs  of  children  and 
the  requu'ements  of  adults.  But 
inasmuch  as  the  results  of  working  b}' 
defective  illumination  seem  likely  to 
be  proportionately  more  serious  in  the 
case  of  children,  the  Committee  have 
considered  mainly  tlieir  needs  in 
making  these  suggestions.  A  broad 
distinction  should  also  be  drawn  be- 
tween ordinary  clerical  work  (reading 
and  writing,  &c.),  and  special  work 
(art  and  metal  work,  embroidery,  &c.). 
A  number  of  experiments  on  this  point 
Mere  conducted  by  the  Committee,  the 
illumination  being  adjusted  until  it 
appeared  sufficient  for  various  classes 
of  work,  and  photometric  measure- 
ments then  made. 

As  a  result  it  is  suggested  that 
{a)  for  ordinary  clerical  work  (reading 
and  writing,  &c.),  the  minimum  illumi- 
nation measured  at  any  desk  where  the 
light  is  required,  should  not  fall  below 
2  foot-candles.*  (6)  For  special  work 
(art  classes,  drawing  offices,  workshops, 
and  stitching  with  dark  materials, 
&c.),  a  minimum  of  4  foot-candles 
is  desirable,  (c)  For  assembly  rooms, 
&c.,  and  for  general  illumination  a 
minimum  of  1  foot-candle  measured 
on  a  horizontal  plane  3  ft.  3  in.  from 
the  ground.  The  question  of  the  per- 
missible diversity  factor  remains  to  bb 
considered. 

It  was  also  recommended  in  view  of 
the  general  recognition  of  the  pre- 
judicial effect  on  the  eyes  of  children 
of  fine  needlework  carried  on  by  arti- 
ficial light,  that  only  coarse  work  on 
white  material  should  be  executed  by 

*  Four  members  of  the  Committre,  Mr.  Good- 
enough,  Mr.  Stokes,  Mr.  Darch,  and  Mr. 
Mortimer,  were  strongly  of  opinion  that  the 
minimum  illumination  should  not  be  less  than 
2i-foot-candles. 
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aj^tificial  light  in  elementary  schools  ; 
the  minimum  in  this  case  being  the 
same  as  for  (a)  above. 

Direct,    Indirect,    and     Semi  -  Indirect 
Lighting. 

The  Committee  then  proceeded  to 
consider  various  methods  of  lighting 
school-rooms.  A  series  of  questions 
relating  to  the  respective  merits  of 
direct,  indirect,  and  semi-indirect  light- 
ing were  drav/n  up  and  submitted  to 
Mr.  J.  G.  Clark,  Mr.  V.  H.  Mackinney, 
Mr.  T.  E.  Ritchie,  and  Mr.  F.  W. 
Willcox.  The  thanks  of  tlie  Committee 
are  due  to  these  gentlemen  for  the 
trouble  they  have  taken  in  preparing 
answers  to  these  questions  and  attend- 
ing ])efore  the  Committee  to  state  their 
views. 

After  hearing  this  evidence  the  Com- 
mittee took  note  of  the  respective 
advantages  of  these  methods  for  cer- 
tain classes  of  work  but  decided  that 
the  above  standards  of  illumination 
should  be  provisionally  adopted  irre- 
spective of  the  method  of  lighting. 

Blackboard  Lighting. 

The  question  of  blackboard  lighting 
was  next  considered.  Whereas  the 
minimum  illumination  suggested  for 
reading  purposes  (namely  2  foot- 
candles)  might  }.)e  enough  in  the  case 
of  a  small  class-room,  where  white 
chalk  is  mainly  used,  and  no  students 
are  further  than  20  feet  from  the  black- 
board, a  higher  value  would  in  general 
be  necessary  in  the  case  of  larger  rooms, 
and  on  boards  where  it  is  customary 
to  use  diagrams  in  coloured  chalk. 
By  the  kind  permission  of  Dr.  R.  S. 
Clay  a  number  of  experiments  on  this 
point  were  carried  out  at  tlie  Northern 
Polytechnic  the  blackboard  being  illu- 
minated with  varying  intensities,  and 
the  visibility  of  figures  written  in  white 
and  coloured  chalks  examined  from 
various  parts  of  the  room.  As  a  result 
the  Committeee  reconmiend  that  an 
illumination  on  tlie  blackboard  about 
60  per  cent  in  excess  of  tluit  prevailing 
in  the  rest  of  the  room  is  desirable. 

As  a  rule  it  would  be  necessary 
for  the  illumination  on  the  black- 
board to   be   carried   out    by    special 


local  lighting  from  lamj)s  equipped 
with  opaque  screens,  completely  con- 
cealing them  from  the  eyes  of  stu- 
dents. The  nature  of  the  surface  of 
the  blackboard  is  also  of  impor- 
tance. This  should  be  maintained  a 
dead  black  sensibly  free  from  regular 
reflection,  so  that  the  maximum  con- 
trast between  the  white  chalk  and 
the  blackboard  may  be  available,  and 
that  there  may  be  no  glare  due  to 
reflection  from  polished  surfaces.  The 
blackboard  should  be  repainted  at 
regular  intervals. 

Avoidance  of  Glare. 

A  point  of  special  importance  in 
connexion  with  school-room  lighting  is 
the  avoidance  of  glare  from  the  sources 
of  light,  and  the  Committee  desire 
to  emphasize  the  value  of  proper 
methods  of  shading.  It  is  a  common 
defect  in  school-rooms  for  the  bare 
mantles  or  filaments  to  be  within  the 
range  of  vision  of  students  when  look- 
ing towards  the  blackboard.  The 
Committee  recommend  that  no  lamps 
should  come  within  the  solid  angle 
sub-tended  at  the  eye  by  the  black- 
board and  a  space  two  feet  above  it, 
unless  they  are  completely  screened 
from  the  eye  by  a  shade  impervious  to 
light.  In  general  it  is  desirable  that 
no  incandescent  surface  should  be  visi- 
ble to  the  eyes  of  students  or  teachers, 
while  carrying  on  their  ordinary  work. 

Another  source  of  glare  is  the  direct 
reflection  of  light  from  the  polished 
surfaces  of  the  desks  or  paper.  It 
would  be  desnable  for  textbooks  in- 
tended for  the  use  of  young  children  to 
be  printed  on  matt  paper  that  is  sensibly 
free  from  prejudicial  reflection  of  this 
kind. 

As  a  further  means  of  avoiding  this 
defect  the  Committee  advocate  the 
the  use  of  shades  in  which  the  bright- 
ness of  the  source  is  spread  out  over  a 
considerable  area,  and  the  judicious 
use  of  reflection  from  the  walls  and 
ceilings  of  the  room.  These  should  be 
of  such  a  texture  that  any  considerable 
regular  reflection  is  avoided,  glazed 
and  shining  surfaces  above  the  dado 
being  specially  objectionable. 
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Avoidance  of  Inconvenient  Shadows. 

In  the  class-room  the  lights  should 
be  so  arranged  that  inconvenient 
shadows  cast  by  the  bod}^  on  the  desk 
should  be  as  far  as  possible  avoided. 
The  precautions  suggested  under  the 
previous  heading  and  particularly^  the 
use  ot  light-tinted  surroundings  which 
serve  to  diffuse  the  light,  may  be 
recommended  Mith  a  view  to  softening 
the  shadow.  The  ceilings  should  be 
preferably  of  a  warm  Mhite  colour,  and 
the  AA-alls  and  all  \^oodwork  above 
tlie  dado  should  be  light  in  tint. 

Conclusion. 

The  Committee  offer  the  above  tenta- 
tive suggestions  as  a  preliminary  to 
more    detailed    recommendations. 

Through  the  courtesy  of  Mr.  Blair 
and     the     Education    Department    of 


the  London  County  Council,  several 
school-rooms  lighted  respectively  by 
gas  and  electricity  have  been  placed  at 
the  disposal  of  the  Committee.  A 
number  of  experiments  have  already 
been  conducted  with  a  view  to  demon- 
strating to  the  satisfaction  of  the 
Committee  that  the  present  recom- 
mendations are  practicable,  and  this 
report  ^\  as  finally  reconsidered  after  the 
Committee  had  paid  a  \nsit  of  inspection 
of  the  rooms  in  question. 

The  \\'ider  aspects  of  artificial  illumi- 
nation and  the  subject  of  dayUght 
illumination  are  being  considered,  and 
the  Committee  propose  to  report  on 
this  subject  at  a  later  stage. 

By  Order  of  the  Council, 
Leon  Gaster, 
Hon.  Secretary. 


The  Artificial  Lighting  of  Libraries. 

[Preliminary   Report   of  the  Joint  Committee  appointed  in  1911.      Issued  by  the  Illuminaling  Enginecrinj 
Society,   with  the  approval  of  the   Libraiy  Association.] 


JVIembers  of  the  Committee. 

Representimj  the  Illwininating  Engi- 
neering Society. — ^Dr.  W.  M.  Bavliss, 
Mx.  J.  G.  Clark,  Mr.  J.  Eck,  m.  S. 
Hamp,  Mr.  Havdn  T.  Harrison,  ]VIr. 
Chas.  W.  Hastmgs,  Mr.  B.  H.  Jenkin- 
son,  Mr.  V.  H.  Mackmney,  Mr.  N.  W. 
Prangnell,  and  Mr.  A.  P.  Trotter  (Chair- 
man). 

Representing  the  Library  Associa- 
tion.— ^Mr.  H.  Bond,  ]Mr.  J.  Duff  Brown, 
Mr.  B.  Carter.  Mr.  Hopwood,  Mi.  H. 
Jones,  Mr.  R.  Peddie,  and  Mr.  H.  R. 
Tedder. 

Ex-Officio.  —  The  President,  Hon. 
Secretary,  and  Asst.  Hon.  Secretary  of 
the  Illuminating  Engineermg  Society. 

The  terms  of  reference  of  the  Com- 
mittee include  both  natural  and  arti- 
ficial lighting,  but  it  has  so  far  con- 
fined itself  only  to  the  latter. 

The  first  meetmg  Avas  held  on  ]\larch 
14th,  1912,  when  a  list  of  subjects 
for  consideration  was  draA\-n  up,  and 
these  have  been  subsequentlj'  dis- 
cussed in  detail. 

The  Committee  feel  it  would  not  be 


desu'able  to  report  definitely  on  many 
of  these  points  at  the  present  moment, 
owing  to  the  developments  con- 
stantly taking  place  in  methods  of 
illumination  and  the  necessity  of 
fuller  information  as  to  their  respec- 
tive merits.  It  was  therefore  decided 
to  issue  an  interim  report  embodying 
the  points  on  which  agreement  has  so 
far  been  reached. 

Amount  of  Illumination  Desirable. 

The  first  question  w^hich  received 
the  Committee's  notice  was  the  amount 
of  illumination  required.  A  distinc- 
tion sliovdd  here  be  drawn  between  the 
conditions  requisite  for  various  classes 
of  libraries,  but  the  following  tentative 
recommendations  seem  to  have  a 
general  application,  and  are  in  accord- 
ance with  experience  of  the  conditions 
met  witli  in  a  large  number  of  libraries 
in   London. 

(1)  Table,  desk,  or  newspaper  stand 
lighting. — The  illumination  where  the 
Ught  is  being  used  sliould  in  no  case 
be    less    than    2    foot-candles.      This 
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value  is  understood  to  apply  to  read- 
ing ordinary  tj'pe  printed  on  white 
paper.  When  books  printed  in  small 
t^^e,  or  manuscripts,  or  surfaces  having 
a  low  reflecting  power  are  to  be  studied, 
a  higher  illumination  is  necessary,  and 
a  tentative  value  of  not  less  than 
5  foot-candles  is  suggested. 

(2)  Book-case  and  shelf -Ugh  ting. — A 
minimum  vertical  illumination  on  the 
case  or  shelf  of  -J-  foot-candle. 

(3)  General  Illumination.— A  mini- 
mum of  J  foot-candle.  Local  illumina- 
tion should  be  measured  on  the  desk, 
slope,  or  table,  Avhere  reading  is  carried 
on.  Measurements  of  general  illu- 
mination sliould  be  made  on  a  hori- 
zontal surface,  3  ft.  3  in.  above  the 
ground.  In  all  cases  the  illumination 
to  be  expressed  in  foot-candles. 

Avoidance  of  Glare. 

The  Committee  desire  to  emphasize 
the  importance  of  adequate  methods 
of  shacling  with  a  view  to  avoiding 
glare  from  illuminants  such  as  is  apt 
to  be  trying  to  the  eyes  of  readers. 
It  is  proposed  to  deal  with  this  point 
more  specifically  shortly.  Meantime, 
it  is  suggested  that  the  light  source 
{e.g.,  the  filament  of  an  electric  lamp 
or  an  incandescent  gas  mantle)  should 
not  be  visible  to  the  reader. 

Avoidance  or  Reflection  from  the 
Surface  of  Paper  or  Tables. 

One  of  the  disadvantages  of  arrang- 
ing lights  close  to  a  reader  is  the  pro- 
duction of  troublesome  reflections  from 
the  glazed  paper  or  from  the  tables.  The 
position  of  lights  should  therefore  be 
selected  in  sucli  a  manner  that  no  rays 
are  reflected  directhj  off  the  polislied 
surface  of  the  paper  into  the  eyes.  It 
is  also  deshable,  as  a  means  of  mini- 
mizing this  defect,  that  the  source  of 
light  should  be  extended  over  a  con- 
siderable area  (either  by  means  of 
suitable  methods  of  screening,  or  hy 
making  use  of  the  reflection  of  lights 


from  white    or  light-tinted   walls  and 
ceiling) . 

Avoidance  of  Shadows. 

Harmful  shadows,  particularly  those 
thrown  by  the  readers  themselves, 
should  be  avoided  by  suitable  arrange- 
ment of  the  lights.  The  methods 
suggested  under  heading  (4)  are  also 
useful  with  a  vieAV  to  preventing  this 
defect.  Since  sharp  shadoAvs  are  cast 
mainly  by  direct  rays  from  sources 
of  light  of  small  area,  the  desirabihtj'' 
of  making  judicious  use  of  the  reflec- 
tion from  light-tinted  siuToundings  is 
indicated.  In  general  it  is  preferable 
to  avoid  materials  which  are  very  dark 
in  colour  and  absorb  a  great  deal  of 
light.  Shadows  are  apt  to  be  cast  by 
the  heads  of  readers  examining  shelves ; 
with  a  view  to  avoiding  this,  local  shelf 
lighting  by  well-shaded  lamps  is  some- 
times  desirable. 

The  Committee  do  not  at  present 
desire  to  recommend  definitely  any 
particular  system  of  lighting  for  libra- 
ries, recognizing  that  the  purpose 
for  which  the  library  is  intended 
{e.g.  whether  as  a  reference  library 
for  casual  reading  or  for  lending  books, 
&c.),  must  be  considered.  Local  light- 
ing an.l  general  lighting  have  both 
tlieir  respective  merits,  but  in  general 
a  combination  of  the  two  methods  is 
most  advantageous.  The  comparative 
advantages  of  direct,  indirect,  and 
semi-indirect  lighting  are  being  con- 
sidered, and  the  question  of  the  best 
means  of  illuminating  racks  and  shelves 
is  also  receiving  attention.  The  Com- 
mittee Avill  continue  to  act  as  a  centre 
for  information  on  these  subjects.  It 
is  proposed  to  supplement  this  interim 
report  by  a  series  of  more  detailed 
recommendations,  and  also  l:)y  some 
suggestions  as  regards  daylight  illu- 
mination. 

By  Order  of  the  Council, 
Leon  Gaster, 
Hon.  Secretary. 
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ANNUAL  SUBSCRIPTION,  ONE  GUINEA. 


All  Communications  shuuld  he  addressed  to  : — 

L.  GASTER,  Hon.  Sec, 
32,  Victoria  Street,  London,  S.W. 


Application  for  Membership. 


The  members  of  this  Society  shall  be  designated  Members,  Honorary  Members,  and 
Corresponding  Members. 

A  Member  may  be  any  one  interested  in  the  objects  of  the  Society,  but  at  the  date  of 
election  shall  not  be  less  than  twenty-one  years  of  age. 

Ordinarj^  Honorary,  and  Corresponding  Members  may  be  of  either  sex  and  of  any 
nationalit}^ 

An  application  for  admission  to  the  Society  shall  be  made  in  a  form  prescribed  by  the 
Coiincil,  and  shall  refer  to  at  least  two  Members  of  the  Societj'  ;  or  if  an  applicant  certifies  that 
he  is  not  personally  known  to  two  members,  references  may  be  accepted  to  Members  of 
professional  societies  of  good  standing,  or  to  other  persons  whose  good  standing  may  be  readily 
verified  by  the  Council.  If,  in  the  opinion  of  the  Council,  further  support  for  a  Member's 
candidature  be  considered  necessary,  the  recommendations  of  four  existing  Members  shall  be 
deemed  sufficient ;  but  the  final  consideration  of  a  nomination  for  membership  rests  with  the 
C.juneil.    (Extract  from  Constitution,  see  Illnviinating  Engineer,  Loud.,  June,  1909,  p.  377-382). 


We  hereby  recommend  :- 


Name 


Address 


Occupation,  &c. 


Date  and  Place  of  Birtb 


Here  state  name  in  full, 
date  and  place  of  birth, 
rank,  profession  or  business, 
usual  place  of  residence 
and  qualifications  for  mem- 
bership of  the  candidate. 


as  a  fit  and  proper  person  to  become  a  member  of  the  Illuminating  Engineering 
Society. 


*nere  must  follow  the  names 
of  two  or  more  nominators, 
one  of  whom  must  have 
personal  knowledge  of  the 
candidate. 


Date 

Nomination  approved  by  Council    

Date  of  Announcement  of  Nomination 
Date  of  Election 


This  portion  to  be  filled  up 
by  Council. 
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Abstracts  from  Constitution  and  Bye -Laws. 


NATURE  AND  AIMS  OF  THE  ILLUMINATING  ENGINEERING  SOCIETY. 

The  name  of  this  Association  shall  be  the  Illuminating  Engineering  Society. 

Its  objects  shall  be  the  advancement  of  the  theory  and  practice  of  illuminating  engineering 
and  the  dissemination  of  knowledge  relating  thereto.  Among  the  means  to  this  end  shall  be 
meetings  for  the  presentation  and  discussion  of  appropriate  papers  ;  the  publication  as  may  seem 
expedient  of  such  papers,  of  discussions  and  communications  ;  and  through  committees,  the 
study  of  subjects  relating  to  the  science  and  art  of  illumination,  and  the  publication  of  reports 
thereon. 

Also  the  organization  of,  or  participation  in  periodical  national  and  international  exhibi- 
tions of  developments  in  illumination,  and  congresses  dealing  with  the  subject. 

PUBLICATION    OF    PROCEEDINGS,    &c.,    OF    SOCIETY. 

T/ie  Illvminating  Engineer,   published  by  the  Illuminating  Engineering  Publishing  Co., 
Ltd.,  in  London,  shall  be  the  recognized  official  organ  of  the  Societj'. 

COOPERATION    WITH    OTHER    INSTITUTIONS,    &c. 

The  Council  shall  be  at  liberty'  to  approach  or  to  entertain  and,  if  desirable,  accept 
overtures  from  other  Societies  and  Institutions  with  a  view  to  joint  discussions  of  subjtctsof 
mutual  interest,  exchange  of  transactions,  and  co-operation  to  secure  Governmental  action,  for 
the  advancement  of  the  objects  of  the  Societj'. 

FEES    AND    SUBSCRIPTIONS. 
The  annual   subscription  (one  guinea)  is  payable   in    advance.      Applications  for 
subscriptions  shall  be  sent  out  quarterly  by  the  Hon.  Secretary. 


I,  the  undersigned,  desire  to  become  a  Member  of  the  Illuminating 
Engineering  Society,  and  hereby  promise  that,  if  elected,  I  will  submit 
and  conform  in  all  respects  to,  and  be  governed  by,  the  terms  and 
provisions  of  the  Constitution  and  the  Bye-Laws  made  in  pursuance 
thereof ;  provided  that  whenever  I  shall  signify  in  writing  to  the 
Hon.  Secretary  that  I  am  desirous  of  ceasing  to  be  a  Member 
thereof,  I  shall  be  free  from  this  obligation,  after  payment  of  any 
Annual  Subscription  or  arrears  which  may  be  due  from  me  at  that 
period. 

Signature  of  Candidate 


Date. 
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Notes  on  Show-Window  Lighting. 


Mr.  J.  G.  Henninger's  article  on 
'  Show- Window  Lighting  '  and  the  en- 
suing discussion,  which  appeared  in 
the  May  number  of  the  Transactions 
of  the  U.S.A.  Illuminating  Engineering 
Society,  are  interesting  as  confirming 
many  of  the  points  raised  in  one  of 
our  articles  on  this  subject.*  He 
aptly  likens  the  show-window  to  a 
stage.  In  both  cases  the  main  object 
is  to  obtain  the  most  attractive  and 
pleasing  effect. 


and  in  a  main  street,  amongst  large 
shops  using  brilliant  lighting,  the  stan- 
dard of  illumination,  must  often  be 
exceedingly  high.  Window  illumination 
may  vary  from  5  to  25  foot-candles. 
In  some  cases  windows  have  even  been 
spoilt  by  the  adoption  of  very  brilHant 
street  illumination,  and  merchants  have 
sometimes  in  consequence  been  obliged 


Fig.  1. — Planes  of  illumination  in  a  very  large 
window. 

He  takes  the  now-established  view 
that  the  well-lighted  window  serves 
two  purposes  :  (1)  to  arrest  the  atten- 
tion of  the  passer-by,  and  (2)  to  cause 
the  articles  on  display  to  stand  out 
distinctly  and  to  be  seen  at  their  best 
advantage.  The  eye  should  be  un- 
disturbed by  the  source  of  light : 
the  units  must,  therefore,  be  com- 
pletely screened  from  view. 

The  intensity  of  illumination  neces- 
sarily  varies   with   different   localities, 

*  Ilium.  Eng.,  Nov..  1912,  p.  504. 


Figs.  2,  3,  4  and  5.— Planes  of  illumination  in 
four  windows  of  different  sizes  and  styles. 

to  double  or  even  treble  the  light  in 
their  mndows.  On  the  other  hand, 
there  have  been  instances  in  which 
shop  owners  have  omitted  to  light 
their  windows  altogether,  relying  en- 
tirely upon  the  street  illumination. 
Such  externally  lighted  windows,  how- 
ever, have  a  dead  appearance.  The 
average  illumination  for  large  towns 
is  above  15  foot-candles  ;  the  street 
illumination,  therefore,  would  have  to 
be  excessive  for  there  to  be  no  contrast 
between  it  and  a  well-lit  shop-\\'indow. 
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The  glare  from  some  of  the  present 
high  candle-power  units  in  street  light- 
ing is  objectionable,  and  should  be 
discouraged. 

In  window  lighting  the  background 
has  to  be  taken  into  account :  a  dark 
background  requires  more  light  than 
a  light  one.  It  is  impossible  to  get  a 
background  suitable  for  all  exhibits, 
and  it  is  a  good  plan  to  change  both 
this  and  tlie  illumination  to  suit  the 
different  merchandise  shown.  An  eco- 
nomical method  is  the  "  Alternate 
System,"    which    consists    of    one-half 


reflection  and  the  flimsy  appearance  of 
the  A^dndow.  Again,  mirrors  are  jiot 
desirable ;  they  certainly  have  the 
advantage  of  giving  depth  to  a  window, 
but  the  reflection  of  the  passing  traffic 
distracts  the  eye.  Ripple  glass  or  art 
glass  is  more  satisfactory,  as  there 
is  practicall}^  no  surface  reflection. 
Panelled  woodwork  surmounted  A\dth 
this  kind  of  glass  to  admit  light  in 
daytime,  is  often  used.  The  reflected 
images  of  the  light  may  be  corrected 
by  hanging  a  shade  in  front  of  the  glass 
at  night-time. 


Fig.  G. — A  well-lighted  window— the  detail  splendid. 


of  the  lights  being  on  a  separate 
circuit ;  for  dark  goods  the  full  light 
would  be  used,  whereas  for  light 
articles  only  half  the  lamps  would  be 
emploj'ed.  A  dark  green  ground  is 
excellent  for  light  or  neutral  coloured 
goods.  For  dark  articles  a  light  or 
neutral  coloured  ground  is  suitable. 
Contrast  between  object  and  ground 
is  important.  Very  sharp  contrasts, 
however,  are  not  alwaj's  desirable  : 
taste  and  judgment  must  here  be 
exercised.  Clear-glass  backgrounds  are 
rarely  satisfactory,  on  account  of  the 


The  average  effect  of  reflection  from 
the  plate-glass  window  itself  on  the 
illumination  is  inconsiderable.  The 
"  outlined  window  "  is  a  very  common 
form  of  lighting ;  these  are  merely 
display  windows,  whose  aim  is  simply 
to  attract  attention  to  the  goods  as  a 
Avhole,  and  not  intended  to  illuminate 
them.  Theie  is  a  prevalent  idea  that 
the  light  units  should  taper  off  towards 
one  end  or  other  of  the  window  to 
produce  the  shadows  of  exhibits  in 
their  proper  relation,  but  Mr.  Henninger 
holds    that    proper    contrast    between 


SHOW-WINDOW    LIGHTING. 


391 


articles  on  display  and  the  background, 
as  well  as  a  proper  harmony  or  con- 
trast of  articles  themselves,  together 
with  well-diffused  illumination,  are  of 
far  more  importance. 

In  designing  illumination  two  main 
objects  must  be  held  in  mind  :  (1)  the 
intensity  of  illumination  must  be  suffi- 
ciently high  (2)  the  diffusion  of  light 
good.  The  most  satisfactory  results 
are  obtained  when  the  light  is  from 
above  and  in  front.  Rarely  need  the 
angle  of  "  light  throw  "  cover  an  angle 
of  more  than  90  degs.,  measured  in  a 
plane  perpendicular  to  the  plate  glass 
of  the  window  and  perpendicular  to 
the  floor  of  the  same.  Many  lamp 
manufacturers  seem  to  be  ignorant  of 
this,  for  most  of  their  reflectors  project 
too  much  light  towards  the  top  of  the 
window.  Quite  a  number  of  them  have 
unnecessarily  weird  curves.  The  mir- 
rored glass  reflector  is  very  efficient ; 
it  is  opaque  and  encloses  the  lamp  : 
no  light,  therefore,  is  lost  in  the  upper 
part  of  the  window.  The  clear,  pris- 
matic reflector  is  of  good,  scientific 
design  and  cheap,  but  being  translucent, 
dissipates  some  of  the  light  to  the  upper 
part  of  the  window  and  ceiling,  where 
it  is  not  required  ;  it  must  frequently 
be  removed  and  cleaned  on  account  of 
the  prisms.  Steel,  cone-shaped  re- 
flectors lined  with  mirrored  glass  strips 
are  fairly  efficient  while  new,  but  soon 
become  inefficient  and  require  fre- 
quent cleaning  on  account  of  the  many 
joints  in  the  glass.  Opal  glassware 
gives  good  aesthetic  results,  but  is  not 
efficient.  Tlie  metal  trough  reflectors 
are  popular,  owing  to  their  cheapness 
and  the  ease  with  Avhich  they  are 
installed.  They  are  lined  either  with 
opal  glass  or  corrugated  mirrored  glass  ; 
the  initial  efficiency  of  the  mirrored 
glass  is  higher  than  that  of  the  opal 
glass,  but  owing  to  the  action  of  the 
air  and  heat  the  mercury  backing  turns 
brown  and  peels  at  the  edges.  Since 
this  reflector  does  not  enclose  the  lamp, 
a  considerable  portion  of  the  filament 
is  exposed,  and  much  light  is  therefore 
wasted. 

For  a  great  many  windows  the  ideal 
arrangement  for  illumination  is  to 
place  the  concentrating  units  in  a 
vertical    position    in    the    upper    front 


edge  of  the  window.  Often  two  re- 
flectors are  necessary  :  one  to  throw 
the  light  down,  and  another  to  throw 
the  light  back.  It  is  desirable  to  have 
a  broad  throw  of  light  lengthwise  to 
the  window,  as  it  tends  to  produce 
good  diffusion. 

A  large  number  of  small  light  units 
is  preferable  to  a  small  number  of 
large  units.  The  cost  of  installation 
of  the  former  is  large  but  the  latter 
system  is  only  suitable  for  horizontal 
articles,  and  has  the  further  disadvan- 
tage of  producing  insufficient  and  un- 
sightly illumination  when  one  of  the 
lamps  fails. 

There  is  some  question  as  to  what 
should  be  considered  the  plane  of 
illumination  in  a  show  window.    Figs. 


Fig.  7.— Plan  of  converging  windows  showing 
position  of  lighting  units. 

1-5  are  polar  curves  suitable  for  dif- 
ferent sizes  of  wndow.  Planes  A  and 
B  represent  two  possible  extremes. 
Large  objects  such  as  dress  forms  may 
be  set  up  vertically  in  a  \Aindow,  but 
in  general  the  plane  of  dress  will  be 
somewhere  between  these  limits.  Fig.  1 
represents  a  very  large  window  with 
a  liigh  ceiUng  ;  Fig.  2  a  large  show- 
window  with  a  low  ceiling  ;  Fig.  3  a 
narrow  show-window  with  a  high  ceil- 
ing ;  Fig.  4  a  narrow  shoM-window 
with  a  low  ceiling  ;  and  Fig.  5  a  narrow 
show-window  with  a  wall  case. 

High,  narrow  windows  are  difficult 
to  illuminate  ;  they  should  be  lighted 
from  the  bottom  as  well  as  from  the 
top,  or  they  may  be  divided  into  fairly 
narrow  vertical  compartments,  and 
illumined  from     the    sides    of     these. 
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Sometimes  the  less  economical  carbon 
filament  lamps  are  still  used  in  prefer- 
ence to  the  usual  tungsten  filament 
lamp,  on  account  of  its  soft  and  mellow 
light. 

Fig.  6  shoMs  a  very  interesting 
example  of  window  lighting  in  Cleve- 
land, U.S.A.  This  store  has  a  con- 
vergmg  front,  the  vestibule  being 
M-idest  at  the  street  side  and  narrowest 
at  the  store  end.  The  windows  are 
set  obHquely  with  regard  to  the  side- 
Avalk ;  the}^  are  about  7  ft.  high, 
16  ft.  long,  and  3  ft.  in  depth.  Each 
window  is  divided  into  t^venty-four 
1-ft.  by  2-ft.  panels,  each  panel  re- 
cessed in  the  form  of  a  rectangular  box 
about  1  ft.  in  depth  and  painted  flat 
white.  In  the  centre  of  each  of  these 
recesses  is  placed  a  40-watt  bowl- 
frosted  tungsten  lamp.     Fig.  7  shows 


the  plan  of  lighting.  The  energy  con- 
sumed is,  therefore,  about  3  watts 
per  cubic  foot  of  space  in  the  window. 
With  an  efficient  reflector  an  illumina- 
tion intensity  of  about  60  to  80  foot- 
candles  might  be  obtained.  Actual 
illuminometer  measurements  show  that 
the  average  intensity  of  illumination 
measured  in  a  plane  18  in.  above  the 
window  floor  is  163  foot-candles.  JVIr. 
Henninger  therefore  considers  that  the 
efficiency  is  not  good,  but  the  diffusion 
of  light  is  excellent.  There  is  scarcety 
a  shadow  auA'Avhere. 

[It  may  be  interesting  to  recall  that, 
in  the  case  of  the  windows  at  Harrod's 
Stores,  described  last  year,  where  the 
illumination  was  of  the  same  order, 
the  wattage  in  the  shallow  windoA\'s 
Avorks  out  to  about  1-25  watts  per  cubic 
foot.] 


The  Lighting  of  the  London    and    North- Western   Railway 
Hotel,  Lime  Street,  Liverpool. 

By  An  Engineering  Coreespondent. 


The  accompanying  illustration,  ob- 
tained solely  with'  tlie  aid  of  artificial 
light,  show  a  portion  of  the  smoking 
room  at  the  well-knoM-n  Xortli- Western 
Hotel,  Lime  Street,  Liverpool.  The 
points  of  interest  in  connexion  with 
the  lighting  of  this  room  are  as  follows. 

The  old  installation  consisted  of 
a  large  number  of  tungsten  lamps 
equipped  with  fancy  glass  shades, 
and  suspended  at  a"^  height  of  only 
8  ft.  above  the  floor  level.  The  energy 
consumption  was  about  1,030  Avatts, 
with  a  resultant  average  illumination 
of  about  1  foot-candle  on  the  liori- 
zontal  plane  2  ft.  6  in.  above  the 
floor  level,  although  in  one  place  the 
value  was  as  much  as  5  foot-candles, 
showing  a  great  lack  of  uniformity. 

The  length  of  the  room  is  31  ft.  9  in., 
the  M-idth  29  ft.,  and  the  height  18  ft., 
from  which  it  will  be  gathered  that 
for  the  energy  consumption  employed 
the  illumination  was  not  good.     More- 


over, the  light  units,  b?ing  hung  so 
low,  looked  out  of  place  in  this  com- 
paratively large  room,  and  harmful 
shadows  were  produced  in  many  places. 
This  was  particularly  the  case  when 
the  newsboard,  which  can  be  seen 
in  one  of  the  illustrations,  was  ap- 
proached. The  Avorst  feature,  how- 
ever, was  the  presence  of  '"  glare," 
owing  to  the  inefficient  screening  of 
the  lamp  filaments  and  their  low 
position. 

A  higher  av^erage  standard  of  illu- 
mination w^as  recommended  and 
agreed  to  by  the  authorities,  and  it 
was  also  decided  that  the  new  scheme 
should  distribute  the  illumination 
more  evenly.  Further,  it  was  sug- 
gested that  means  should  be  taken 
to  avoid  dense  shadows,  or  any 
shadow  of  an  intensity  exceeding  20 
per  cent  in  a  harmful  direction.  The 
problem  was  carefully  studied  M'ith  a 
view  to  determining  the  best  number, 
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arrangement,  and  position  of  the  light 
units,  with  the  least  possible  altera- 
tion to  existing  conditions.  After 
consultation,  it  was  decided  to  install 
100  watt  pip  obscured  tungsten  lamps 
and  I  type  Holophane  reflectors,  spaced, 
so  far  as  possible,  in  accordance  with 
the  published  rules.  Care  was  taken 
to  place  them  at  such  a  height  as 
would     avoid     inconvenient     shadows 


tion  on  the  working  plane  now  being 
over  3  foot-candles,  while  "  glare  " 
has  been  entirely  eliminated  by  rais- 
ing the  light  units  and  enclosing  the 
whole  of  the  bare  filament  by  employ- 
ing the  correct  size  of  reflectors,  and 
pip  obscuring  the  lamps. 

The  present  system  unquestionably 
improves  the  apj)earance  of  the  room, 
although  it  appears  that  tlie  initial  cost 


Fig.  ].— a  view  of  the  Smoking-room  at  the  London  and  North-Western  Railway 
■'{iT'  Hotel,  Lime  Street,  Liverpool,  lighted  by  Tungsten  lamps  and  Holophane  reflectors. 

(Photo  taken  entirely  by  artificial  light) 


being  cast  on  the  working  plane,  or 
on  the  approximately  vertical  sur- 
face of  the  news  racks. 

Seventeen  points  were  installed, 
making  a  total  energy  eonsumjition 
for  the  floor  area  of  928  S(|.  ft.  of 
1.150  watts.  This  is  e(iuivalent  to 
1-2  watts  per  sq.  ft.  The  height  of 
tlie  light  units  above  the  floor  level  is 
now  12  ft.  Tlie  whole  room  is  bril- 
liantlv  lighted,  tlie  value  of  illumina- 


of  the  installation  has  b.-^en  compara- 
tively small. 

Since  the  accompanying  illustra 
tions  were  taken,  tlie  large  lounge  in 
tliis  hotel  has  also  b?en  equipped 
with  Holophane,  but  in  this  case  cen- 
tral Stiletto  Reflector  Bowl  units 
and  Residence  Reflectors  on  the  wall 
brackets  have  been  employed,  these 
types  of  glassware  being  more  suitable 
for  the  purpose  in  view. 
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A  Modern  Semi-Indirect  Gas  Lighting  Installation. 


Semi-indirect  gas  lighting  is  evidently 
receiving  notice  in  the  States.  The 
following  illustrations^  taken  from  an 
article  by  Mr.  R.  F.  Pierce  in  Good 
Light mg  (the  Illuminating  Engineer  of 
New  York)  for  October,  1912,  refer  to  an 
installation  of  white  glass  bowl  semi- 
indirect  fittings.  These  are  equipped 
with  a  cluster  of  inverted  mantles. 
Figs.  1  and  2  show  a  very  simple  form 


Fig.  1. — Semi-indirect  gas  fixture. 

of  design.  Fig.  3  represents  a  living- 
room  with  a  slightly  more  elaborate 
fitting.  A  test  of  illumination  was 
caii'ied  out  in  this  room.  The  fitting.; 
contained  two  inverted  gas  lamps. 
A  set  of  readings  was  first  taken  with 
both  ]amj)s  on  ;  one  lamp  was  then 
turned  out,  and  the  effect  of  the 
r(  suiting  illumination  noted.  It  was 
possible  to  read  comfortably  in  any 
part  of  the  room,   and  the  music   at 


the  piano,  8  ft.  from  the  light  source, 
could  be  made  out  with  ease.  The 
normal  illumination  on  the  music  at 
the  piano  was  2  foot-candles  (2  lumens 
per  square  foot),  with  two  lamps 
burning  ;  but  apparently  1  foot-candle, 
obtained  with  only  one  light,  was  con- 
sidered sufficient.  The  effectiveness  of 
this  low  degree  of  illumination  was 
considered  to  be  largely  due  to  the 
\ery  low  brilliancy  and  large  area 
occupied  by  the  light  source.  The 
illumination  innnediately  below  the 
fitting — 30  in.  above  the  floor  level — 
was  11  foot-candles.  This  high  local 
intensity  is  very  convenient  for  those 
engaged  in  any  sort  of  work  requiring 
close  vision. 

Fig.  4  shows  a  dining-room  with  a 
similar  fitting,  but  of  different  shape. 

Much  depends  upon  the  quality  of 
glass  used,  the  form  of  bowl,  and  its 
position  relative  to  the  light  source. 

To  obtain  warm  tones  it  is  better 
to  use  amber  mantles  than  to  resort 
to  tinted  glass  bowls  whose  diffusing 
and  relative  qualities  are  not  so  good. 
Ordinary  art  glass  may  be  used  for 
ordinary  purj^oses  so  long  as  the  body 
of  the  bowl  is  kept  free  for  reflecting 
purposes. 

Though  the  efficiency  in  the  indirect 
system  is  admittedl}^  not  so  high  as 
that  of  direct  lighting,  it  is  now  being 
used  to  a  great  extent  on  account  of 
its  attractive  appearance.  An  im- 
portant feature,  besides  the  effective 
distribution  of  light,  is  the  ornamental 
appearance  of  the  fixture  itself.  A 
very  fine  effect  can  be  received  from 
moulded  diffusing  glass  of  the  variety 
shown  in  these  illustrations,  and  the 
mild  luminosity  of  the  bowl,  seen  by 
transmitted  light,  is  claimed  to  remove 
any  impression  of  "  flatness  "  in  the 
system. 

From  the  business  standpoint  it  is 
Avorthy  of  remark  that  work  of  this 
kind,  in  which  the  artistic  element 
plays  a  part,  is  exceptionally  lucrative 
and  less  subject  to  competition. 


GAS    LIGHTING    ] NSTALLATIOK. 
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Fig.  2. — Drawing-room  lighted  Ijv  seiiii-iiulirect  ga^  liunig. 


I 


Fia.  3.— Sliow-ruoiu  with  semi- indirect  gas  light  fittings  installed. 
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Luminous  Airship  Signals. 


A  RECENT  article  in  the  Deutsche 
Luftfahrer  ZeitschriH  gives  an  interest- 
ing account  of  a  new  form  of  luminous 
signals  for  airships.  Germany  in 
1909  was  the  first  countrj^  to  adopt 
the  Frankenberg  system  of  indicating 


Fig.  1. — Letter  outlined    in    Holophane  units, 
serving  as  an  indication  to  aviator.s. 

their  whereabouts  to  airships  by  cer- 
tain letters,  marked  out  in  bright 
points  on  convenient  buildings,  and 
of  sufficient  size  to  be  seen  even  by 
aviators  at  a  considerable  height. 
Silvered  glass  spheres  have  some- 
times been  used  for  this  purpose. 
Some  account  of  the  use  of  such  signs 
in  Paris  was  given  in  The  Illumin- 
ating Engineer  last  year.* 

The  ideal  solution  of  the  problem 
Avould  involve  the  use  of  signs  which, 
besides  being  visible  by  day.  should 
be  luminous  by  night.  The  Deutsche 
Luftfahrer  Zeitschrift  states  that  Herr 
M.  Peschke,  of  the  German  Holophane 
Co.,  has  devised  a  method  of  doing 
this  by  the  aid  of  Holophane  prisms. 
Fig.  1  is  a  view  of  a  letter  made  out 
in  this  way.  Fig.  2  illustrates  its  use 
on  the  roof  of  a  house  at  the  flying 
ground  at  Johannisthal.  The  units 
outlining  the  letter,  t^ach  con- 
sist of  two  parts.  There  is  an 
inner  reflector  with  radial  prisms,   so 

*  Ilium.  Eng.,  Lond.,  vol.  v.,  1912,  p.  395. 


as  to  concentrate  the  light  and  appear 
highly  luminous  by  da}^ ;  and  in  front 
of  this  a  clear  glass  hemisphere,  Imving 
reflecting    prisms    on    the    inner    side, 
but     a     smooth     exterior     (which,     of 
course,    does    not    collect    dust).     This 
serves    to    collect    light    striking    the 
glass    from    a    sideAvays  direction,    so 
that    the    unit    appears    quite    bright, 
both  in  sunshine  and  in  cloudy  weather. 
Moreover,    each    unit    maj^    contain  a 
metal   filament    lamp,  and  will   there- 
fore have  the  requisite  brightness  by 
night. 

In  Fig.  2  a  second  method  of  deal- 
ing with  the  problem  is  also  shown. 
Tliere  are  marked  out  on  the  roof 
black  letters  (MFJ),  2  metres  long  on  a 
yellow  ground.  These  letters  are  illu- 
minated in  night  time  by  two  tung- 
sten lamps  in  Holophane  steel  reflec- 
tors, the  reflectors  being  selected  with  a 
view  to  producing  a  sufficiently  powerful 
and  even  illumination  over  the  letters. 


Yia.  2. — liluiuiuated  charadors  for  the  guidance 
of  aviators  at  an  Aerodrome  in  Germany. 

Experience  has  shown  that  the  charac- 
ters sliould  not  be  less  tlian  20  cms. 
broad,  and  1-5  metres  high.  They 
can  then  be  perceived  at  a  height  of 
800  metres,  and  even  when  the  aviator 
is  travelling  at  80  kilometres  per  hour. 
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Short  Notes  on 
Illuminating  Engineering. 


has  to  be 
shadows  " 


LlQHriNQ  AND  ARCHITECTURE. 

In  a  recent  paper  W.  Basset  Jones 
discusses  the  bearing  of  artificial  light 
on  the  architectural  appearance  of 
decorative  interiors.*  Rooms  lighted 
artificially  are  apt  to  appear  quite 
different  from  what  they  do  in  the 
daytime  ;  it  is  often  desirable  to 
illuminate  a  moulded  ceiling,  but  one 
careful  to  avoid  "  reversed 
{i.e.,  parts  which  by  day- 
light appear  light,  looking  dark  and 
vice  versa).  This  difference  in  appear- 
ance is  illustrated  in  the  accompanying 
illustration.  Moreover,  a  strong  light 
on  the  ceiling  and  subdued  brightness 
below  may  disturb  the  architectural 
balance,  and  take  away  that  impression 
of  solidity  which  a  well-designed  scheme 
should  possess.  Sometimes  this  ten- 
dency can  be  counteracted  by  a  graded 
colour  scheme,  a  gradual  change  from 
yellow  to  white  light  giving  an  effect 
analogous  to  a  change  in  brightness. 
It  may  also  be  necessary  to  relieve 
the  monotonous  tone  in  the  lower  parts 
of  the  room  by  the  cunning  use  of  well- 
shaded  local  light  and  trough  re- 
flectors. 

In  all  such  cases  a  balance  must  be 
struck  between  practical  and  decorative 
requirements  ;  the  best  plan  is  to 
work  out  two  distinct  schemes  satisfy- 
ing these  respective  requirements,  and 
then  to  study  how  they  can  best  be 
combined. 


*  Pai)er  read  hffore  the  Aiiier.  Iii^t.  of  Elt'c. 
Engineer?,  June  2fith.,  1912. 


INSUFFICIENT  LIGHT  CAUSES 
FATAL  ACCIDENT. 

The  death  of  Frederick  Edward  Good, 
a  scene-shifter  at  the  Palladium  Theatre, 
who  fell  down  a  lift  shaft  while  at  work 
beneath  the  stage  on  Saturday  after- 
noon, was  the  subject  of  an  inquest 
by  the  Westminster  coroner  yesterda3^ 

The  evidence  showed  that  the  place 
was  not  brilliantly  lit,  and  that  there 
was  no  rail  round  the  hole,  in  Avhich 
water  had  accumulated.  His  fellow- 
workmen  heard  a  thud  and  a  splash, 
and  found  that  Good  had  disappeared. 
He  Avas  got  up  dead  by  means  of  a  rope 
and  ladder. 

The  jury  returned  a  verdict  of 
"  Accidental  Death,"  Avith  a  rider 
recommending  additional  light  and  a 
rail. — From  the  '  Daily  Mail  '  of  Febru- 
ary 21th,  1913. 

SUB-MARINE  LIGHTS  ON  THE 
CHICAGO  RIVER. 

Accidents  on  the  Chicago  River  are 
only  too  frequent.  The  River  Police 
there  have  recently  launched  a  motor 
boat  equipped  with  a  submarine  light 
to  aid  them  in  their  task  of  recovering 
the  bodies  of  the  drowned.  This  lamp 
consists  of  a  cylindrical  tungsten  bulb, 
whose  light,  refracted  through  a  heavy 
triangular  prism  of  glass,  is  said  ^o  be 
of  such  intensity  that  the  bed  of  this 
not  over-clean  river  )nay  be  plainly 
visible  to  a  depth  of  from  IS  ft.  to 
20  ft.,  and  it  will  partially  ilhunine  to 
a  depth  ranging  from  20  ft.  to  30  ft. 
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Edison  Electric  Safety  Lamp. 

We  note  from  The  Electric  World  that 
the  American  Museum  of  Safety  in  New 
York  has  awarded  tlie  Rathe nau  Gold 
Medal  to  Mr.  Edison  for  his  Electric 
Safety  Lamp.  The  lamp  is  connected 
to  the  battery  by  flex  and  can  be  con- 
veniently mounted  on  the  cap  of  the 
miner.  The  battery  is  strapped  to  his 
waist  in  the  manner  shown  in  the  illus- 
tration. The  apparatus  Aveighs  about 
2  lbs.,  is  about  5  in.  wide  and  45  in. 
high.  The  battery  has  an  E.M.F.  (;f 
2-4  volts,  and  will  give  4  ampere-hours. 
The  tungsten  lamp  is  rated  at  2  candle- 
power. 


Gas  Watch  Fires  at  the  Funeral  of  the 
late  Emperor  of  Japan. 

It  is  said  that  the  watch  fires  at 
the  funeral  of  the  late  Emperor  of 
Japan,  apart  from  their  historical  sig- 
nificance were  a  very  impressive  sight. 
These  were  not  incandescent  lamps, 
but  open  gas  flames  reaching  3  ft.  high. 
The  gas  was  supplied  by  the  Tokyo  Gas 
Company  in  special  mains  measuring 
some  3,090  ft.  in  length.  There  were 
forty  of  these  fires.,  each  of  700  candle- 
power,  contained  in  a  cast-iron  vessel, 
suj^ported  between  three  cryptomeria 
poles  10  ft.  high,  the  top  ends  meeting 
each  other  and  the  bases  stretching 
apart  forming  a  triangle.  They  were 
stationed  on  either  side  of  the  road  at 
distances  of  about  60  ft. 

Minor  gas  Avatch  fires  were  seen  in 
several  other  streets  ;  thus  in  the  broad 
street  from  Tokyo  municipal  office  to 
the  gate  of  Babasaki  in  front  of  the 
Palace,  and  on  the  one  side  of  the 
tramcar  lines  before  the  outer  moat  in 
the  light  hand  direction,  from  the 
Tokyo  Chamber  of  Commerce  to  the 
Imperial  Theatre  about  thirty  in  num- 


ber, the  same  in  shape  and  construc- 
tion as  those  in  use  at  the  great  shrine 
of  Tse  and  other  deities. 

LIGHT:   THE  MODERN  GAOLER. 

In  a  recent  number  of  The  Edison 
Monthly  reference  is  made  to  a  striking 
illustration  of  the  value  of  good  illu 
mination  to  the  police.  At  the  Tombs 
Prison  in  New  York  two  important 
prisoners  succeeded  in  escaping  during 
the  last  few  months.  It  is  something 
of  a  puzzle  how  the  men  were  able 
not  onty  to  cross  the  yard  at  night, 
but  also  to  scale  the  high  Avail  Avithout 
being  seen ;  but  it  is  thought  that 
this  Avas  partly  due  to  the  comparatiA^e 
darkness  of  the  surroundings.  Had  the 
yard  been  brilliantl}^  lighted  the  pre- 
sence of  the  men  A^ould  probably  have 
been  detected. 

As  a  result  the  lighting  has  been  re- 
modelled, and  the  yard  is  noAv  stated 
to  be  "  as  bright  as  daylight."  The 
problem  of  escaping  has  noAv  become 
more  formidable,  and  Avill  present  con- 
siderable difficulties  to  prisoners  in 
future. 


SHORT  NOTES. 
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AN  ELECTRICALLY  LIGHTED 
BALLOON. 

The  picture  shows  a  novel  adver' 
tisement  recently  adopted  in  New  York 
City  and  described  in  The  Eleclrical 
World.  It  consists  of  a  captive  balloon 
lighted  from  within  by  a  500  watt  tung- 
sten lamp,  and  the  envelope  of  the 
balloon  is  said  to  form  an  excellent  diffu- 
sing surface.  The  illuminated  sphere 
is  about  20  ft.  in  diameter,  and  is  a 
prominent  feature.,  visible  at  a  con- 
siderable distance.  By  means  of  an 
anchor  cable  and  reel  the  balloon 
can  be  raised  or  lowered,  but  is  ordm- 
arily  suspended  at  a  height  of  500  ft., 
at  which  height  it  is  a  very  con- 
spicuous object. 


Modern  Illuminants  and  Effective  Shading. 


A  RECENT  number  of  Public  Health 
contained  a  paper  read  by  Dr.  Meredith 
Young,  Medical  Officer  of  Health  for 
Cheshire.  Dr.  Young  pointed  out  the 
increasing  brilliancy  of  modern  illu- 
minants and  the  need  for  care  in  their 
use.     He  remarks  : — 

"  With  the  advancement  of  modern 
science  we  have  been  brought  under 
very  trying  conditions  in  the  matter 
of  artificial  light,  and  it  is  distinctly 
questionable  Avhether  our  eyes  have 
been  educated  up  to  such  a  point  that 
they  can  face  most  of  these  new  lights 
unless  very  careful  shading  and  screen- 
ing be  adopted. 

"  Those  of  us  mIio  are  using  electric 
light  habitually  know  by  experience,  1 
fancy,  that  the  effects  of  its  glare  are  apt 
to  be  most  irritating.  Why  is  tliis  ? 
Is  it  because  we  have  to  concentrate 
our  vision  on  a  part  which  is  ade- 
quately illuminated  and  di\'ert  it  from 
a  part  which  is   inadequately  or  too 


brilliantly  illuminated,  and  tliat  the 
effort  becomes  exhausting  after  a  short 
while  ?  Or  is  it  a  mere  tiring  effect 
due  to  the  impaction  of  energy  on  a  part 
of  the  retina  which,  ha\ing  no  work 
to  do,  wants  to  remain  quiescent  for 
the  time  being  ?  Or  is  it  a  more  direct 
effect  on  the  retina  or  optic  disc  due 
to  over-stimulation  or  irritation  caused 
by  the  high-power  rays  of  tlie  light  ? 
I  am  inclined  somewhat  strongly  to 
the  last-named  view,  for  I  imagine  that 
education  and  adaptation  of  the  eye 
would  at  this  stage  of  our  evolution 
render  the  first  Uvo  factors  of  com- 
parative unim  portance . 

Even  Mr.  8amuel  Pepys,  writing  in 
1667  (February  16th),  makes  tlic  follow- 
ing sage  statement  :  "  INly  eyes  mighty 
bad  with  tJie  light  of  the  candles  last 
night,  which  Mas  so  great  as  to  make 
my  eyes  sore  all  this  day,  and  do  teach 
me,  by  a  juanifest  experiment,  that  it 
is  only  too  much  light  that  do  make  my 
eyes  sore." 
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Publications    Received. 

National  Physical  Laboratory,  Report  for  1912. — The  Rej)ort  of  the  Executive 
Committee  deals  with,  the  considerable  extensions  of  the  «-ork  of  the  Laboratory, 
including  the  new  buildings  for  the  section  of  Metallurgy  and  Metallurgical  Chemistry, 
Optics,  and  Administration.  These  were  opened  by  the  Right  Hon.  A.  J.  Balfour 
on  Thiu-sday,  Jime  26th.  A  considerable  amomit  of  work  has  also  been  done  in  the 
form  of  experiments  in  naval  architectiu-e,  aeronautics,  electrical  and  high  temperature 
measurements,  and  meteorological  work. 

In  the  photometric  section  the  exi^eriments  with  tmigsten  filament  standards 
give  good  results,  and  it  is  interesting  to  note  that  the  miit  of  light  is  considered  to  be 
maintained  with  a  constanc3'  within  O'l  jaer  cent.  Tests  are  being  made  on  a  series 
of  tungsten  lamj^s  giving  light  of  graded  hue  with  a  view  to  facilitating  the  photo- 
metry of  lights  that  differ  in  coloiu-.  Experiments  have  also  been  conducted  on  the 
visibility  of  distant  lights,  and  ships"  navigation  lights,  which  are  embodied  in  a 
Report  presented  to  the  Board  of  Trade  this  year. 

Die  GasglilhHchtbeleucJdumj.  By  Dr.  C.  R.  Bohm.  62  pp..  26  Illustrations.  (Char- 
lottenburg,  Gustav.  Heydenreich.) — A  short  siunmary  of  the  develojiment  of  incan- 
descent gas  lighting.  The  book  reviews  the  introduction  of  inverted  mantles,  high 
candle-jjower  low-jDressure  lamjas.  and  high-jDressure  lighting,  and  is  illustrated  by  views 
of  modern  tyi^es  of  lamjas.  An  interesting  apjaendix  tabulates  Monasch"s  figures  for 
the  specific  consimiption  per  lux  j^er  square  metre  illuminated  of  various  methods  of 
Ighting. 

Die  Beleuchtung  von  Eisenbahn-Personenwagen.  By  Dr.  M.  Buttner.  (Berlin, 
Julius  Springer.) — A  work  containing  a  concise  smnmary  of  methods  of  lighting  railway 
carriages.     Second  edition.  1912,  23.5  pages,  108  illustrations. 

S/iip  Wiring  and  Fitting.  By  T.  M.  Johnston.  (London,  Constable  &  Co.,  1/-  net. 
— A  handy  little  book  (77  pages,  47  illustrations),  forming  one  of  the  series  of  "  Electrical 
Installation  Manuals."  The  instructions  and  diagrams  are  clear  and  concise.  Most 
of  the  information  bears  on  wiring,  but  there  is  also  a  section — which  we  should  like 
to  see  someM  hat  extended — dealing  with  lamps  and  fixtiu-es.  A  few  simple  suggestions 
regarding  the  arrangement  and  shading  of  lamps  with  a  ^iew  to  getting  good  illiunina- 
tion  would  be  welcome. 

Verdnderungen  und  Schddingen  des  Aiiges  diirch  Licht — Fluorescence  of  the  Eye — 
Gefdrbte  Gldser  als  Jagd-.  Schnee-,  und  Schutzbrillen — Apparat  zur  Beobachtung  der 
Fluorescenz  am  eigenoi  Aiige,  dtc.  By  Dr.  F.  Schanz.  (Dresden.) — Describes  some 
experiments  on  the  effect  of  ultra  viclet  rays  on  the  eye.  in  exciting  fluorescence  and 
diminishing  acuteness  of  vision  ;  particulars  of  ej^e-glasses  screening  the  eye  from 
these  rays. 

Xotes  on  the  Design  and  Economy  of  Diesel  Oil  Engines.  By  Ca^^t.  H.  Riall  Sankey, 
R.E.,  M.Inst. C.E.  (Pajjer  read  before  the  Association  of  Engineers-in-Charge,  April 
9th,  1913.) 

New  Visual  Phenomena.  By  F.  W.  Ec.ridge  Green.  ('  Jour,  of  Physiology,' 
Vol.  XL  v.,  Xos.  1  and  2,  Aug.  2nd,  1912.) — An  interesting  paj^er,  endeavouring  to 
show  that  many  comj^lex  phenomena  met  with  in  connexion  with  coloiu-  j^hotometry 
(Piu-kinje  effect,  recurrent  image,  &c.)  can  be  explained  on  the  basis  of  the  action  of 
the  photo-chemical  j^igment,  believed  to  exist  in  the  spaces  between  the  cones  in  the 
retina  of  the  human  eye. 

The  Simple  Character  of  the  Yellow  Sensation.  By  F.  W.  Edridge  Green.  ('  Phys. 
Proceedings.^  March  loth.  1913.) 

A  New  Differential  Watt-per -Candle  Meter.  By  Dr.  E.  P.  Hyde.  (Reprinted 
from  The  Elec.  Review  and  Western  Electrician,  Feb.  1st.  1913.) 

.4  Precision  Photometer  Bench  and  Accessories.  By  E.  P.  Hyde  and  F.  E.  Cady. 
(Reprinted  from  The  Elec.  Review  and  Western  Electrician,  Xov.  16th.  1912.) 

Die  Osram-Drahtlatnpe.  By  H.  Remane.  (Reiirint  from  Die  Welt  der  Technik, 
Xo.  7.  pp.  130-1.34,  1913.) 

Report  of  the  Committee  of  the  American  Illuminating  Engineering  Society  on 
Nornenclature  and  Standards.  Part  11.  Proposed  Definition.  {Transactions,  Vol.  VII., 
Xo.  9.  December,  1912.) 

British  Assoc iation  for  the  Advancement  of  Science.- — The  Annual  Meeting  is  to  be 
held  in  Birmingham.  Sept.  10th-17th,  1913,  imder  the  Presidency  of  Sir  Oliver  Lodge 
(Principal  of  Birmingham  University).  Further  particulars  can  be  obtained  on  appli- 
cation to  the  Secretary  of  the  Association  at  Burlington  House,  London. 
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ILLUMINATION  AND  PHOTOMETRY. 

De.  Louis  Bell  contributes  two  inte* 
resting  articles  to  The  Electrical  World- 
The  first  of  these  deals  with  the  preser- 
vation of  silvered  mirrors.  Instances 
are  given  of  mirrors  whose  reflecting 
power  has  diminished  quite  appreciably 
in  the  course  of  time,  even  though  the 
silvered  surfa.ce  was  apjDarently  well 
protected  from  the  air.  Various  de- 
vices are  described  for  securing  greater 
perir.anency  such  as  coating  the  back 
of  the  mirror  with  collodion.  A  curve 
is  given  showing  how  the  co-efficient 
of  reflection  varies  throughout  the  spec- 
trum, being  very  nearly  constant  for 
the  visible  rays  but  diminishing  in  the 
ultra  violet. 

The  second,  article  by  Bell  describes 
some  investigations  of  Dr.  F.  H.  Ver- 
hoeff  at  the  Massachussetts  Eye  Hosjiital, 
carried  out  during  the  past  year.  The 
effects  of  Light,  Heat,  and  Ultra-VioIet 
Rays  on  the  Eye  were  all  studied.  It 
was  shown  that  very  powerful  ultra- 
violet light  does  have  a  "  stippling  " 
effect  on  the  eye-lense,  causing  a  slight 
haziness  of  vision,  Avhich,  however, 
passes  off  with  rest.  It  is  shown  that 
a  flux  of  energy  equivalent  to  15  X  10'' 
ergs  per  second  would  have  a  distinct 
effect  in  aV)Out  five  minutes  ;  but  the 
eye  could  ])robably  be  exposed  to  any 
ordinary  sources  of  light  at  a  distance  of 
2  J  metres  for  two  hours  before  this 
effect  was  produced.  The  author  there- 
fore concludes  that  most  artificial  illu- 
luinants  can  have  little  prejudicial  effect 
on  the  eyes  provided  reasonalile  pre- 
cautions are  taken. 

The  question  of  the  Chemical  Effects 
of  Ultra- Violet  Rays  is  also  considered 
in  an  article  by  Schwarz  and  Aumann 
(J.  /.  G.,  May  31st).  These  authors  deal 
with  the  use  of  the  rays  for  water  steri- 
lization. How  is  the  efficiency  of  artificial 
ilhiminants  in  this  respect  to  be  tested  ? 
There  are  various  methods  such  as  the 
darkening  in  a  certain  time  of  a  standard 
sample  of  sensitive  paper,  and  tlu^  in- 
fluence on  various  chemical  substances, 


such  as  hydrogen  peroxide  and  para- 
phenylemediamine.  But  these  tests 
seem  to  indicate  the  chemical  activity 
of  the  rays  rather  than  their  effect  on 
bacteria,  and  might  fail  to  differentiate 
between  various  qualities  of  ultra-violet 
radiation. 

Cravath  in  The  Electrical  World  (May 
31st  and  June  17th)  points  out  the 
great  i^art  played  by  contrast  in  illumin- 
ation ;  provided  the  contrast  Ijetween 
a  source  and  its  surroundings  is  not  too 
great  one  can  bear  quite  a  high  bright- 
ness without  feeling  the  disagreeable 
sensation  of  glare. 

In  a  letter  Cravath  also  refers  to 
the  effect  on  the  audience  of  white  dia- 
granis  and  lantern  screens.  In  one  case 
the  lighting  effects  in  a  hall  were  found 
to  be  distinctly  trying,  even  though  the 
lights  themselves  were  quite  out  of  sight. 
This  was  traced  to  the  fact  that  the  light 
fell  on  a  white  screen  behind  the  jDlat- 
form.  Continually  gazing  at  this  uni- 
form bright  surface  was  fatiguing.  In 
addition  it  made  it  difficult  for  the  faces 
of  people  on  the  platform,  silhouetted 
against  this  background,  to  be  clearly 
seen. 

Among  the  editorials  dealing  with 
matters  of  illumination,  special  reference 
should  be  made  to  that  in  The  Journal 
of  Ga.sli'jhtind  (June  10th),  in  which  the 
progress  of  the  Illuminating  Engineering 
movement  in  England  is  surveyed,  and 
its  value  to  the  gas  industry  fully  ac- 
knowledged. 

An  article  by  Schanzer  {Elek.  u. 
Mascli..  May  l?."i(h).  descril)es  a  New 
Form  of  Photometer  for  measuring  the 
d.istril:)ution  of  light  and  mean  sj)]ierical 
candle-power.  The  chief  feature  of  this 
apparatus  is  the  use  of  an  adjustable 
arm  coujjied  to  the  jihotometric  bench, 
and  carrying  at  its  extremity  a  mirror. 
This  arm  can  be  moved  round  the  source 
to  be  tested,  and  by  means  of  a  second 
mirror  and  a  system  of  lenses,  an  image 
of  the  light  source  is  located  over  the 
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zero  point  of  the  bench.  In  nialcing 
measurements  the  distance  of  the  source 
from  the  i)hotometer  is  not  altered,  and 
its  dimensions  are  immaterial.  For  very 
powerful  sources  a  mat  aluminium  mirror 
is  sometimes  used. 

ELECTRIC    LIGHTING. 

The  Electrical  World  and  Western 
Electrician  (May  31st),  contains  a  general 
article  analysing  tendencies  in  electric 
lighting.  Dr.  B.  Monasch  {E.  T.  Z., 
June  5th),  also  contributes  a  general 
article  summarizing  Progress  in  Electric 
Illuminants.  The  de\elopments  that 
claim  attention  are  those  recently  intro- 
duced into  the  Mercury  lamp.  For 
example,  the  construction  of  lamps  for 
high  voltages,  and  for  use  on  an  alter- 
nating current,  and  the  Cadmimn  Mer- 
cury lamji  invented  by  Wolfke. 

Weintkaub  {Elec.  World.  May  10th), 
describes  A  New  Quartz  Tube  Mercury 
Vapour  Lamp,  using  solid  tungsten 
anodes.  This  is  said  to  be  favourable 
to  the  life  of  the  lamp,  and  it  has  been 
found  i:ossible  to  seal  the  tungsten 
electrode  into  the  quartz  glass  instead 
of  its  being  ground  in,  as  is  necessary 
when  a  lolatinimi  conductor  is  used. 
Some  Developments  of  the  Moore  Tube 
are  described  in  the  Zcitschrijt  fiir 
Beleuchtimgswcsen  (May  30th).  The 
author  describes  a  method  of  winding 
the  transformer  for  a  three-phase  in- 
stallation so  as  to  enable  each  of  the 
secondary  phases  to  be  used  quite  sepa- 
rately. There  is  also  a  method  of  ex- 
aggerating the  secondary  pressure  by 
means  of  a  spark  gap  and  condenser, 
giving  a  resonance  effect.  It  is  said 
that  when  a  very  high  P.D.  indeed,  is 
used,  electrodes  outside  the  tube  are 
sufficient,  and  the  absorption  of  gas 
inside  the  tube  prevented.  Should  this 
be  found  practicable  the  special  valve 
admitting  gas  to  the  tube  at  regular 
intervals  would  become  unnecessary. 

Recent  numbers  of  The  Electrician 
describe  various  novelties  in  electric 
lighting  such  as  the  "  Dim-a-lite  "  switch 
for  electric  lamps,  which  introduces  a 
resistance  into  the  circuit  and  enables 
the  light  to  be  gradually  diminished. 
Another  article  deals  with  the  "  Oriona  " 
lamp.  This  is  a  type  of  tungsten  lamp 
with  a  filament  sus2:ended  horizontally, 
so  as  to  give  a  strong  illumination  under- 
neath the  lamp,  and  it  is  also  stated  to 
be  stronger. 

A.  Stbauss  {E.T.Z.,  May  22nd),  des- 
cribes the  Public  Lighting  of  Dresden, 
where    metal    fihn.ent    kmps    are    now- 


being  very  generally  used  in  the  sid.e 
streets.  By  the  substitution  of  such 
lamps  in  place  of  ordinary  white  arc 
lamps,  double  the  illumination,  and  a 
saving  of  25  per  cent  were  secured.  It 
is  interesting  to  note  that  a  friendly 
working  relation  between  the  gas  and 
electric  interests  exists  in  this  town,  and 
there  is  no  difficulty  in  deciding  their 
respective  fields  of  action.  Both  methods 
are  used.  In  the  outskirts  of  Dresden 
(where  it  woidd  not  be  worth  while  to 
lay  gas  or  electric  mains),  and  for  coimtry 
roads  and  footpaths,  oil  lamps  are  fre- 
cjuently    used. 

GAS,  OIL,  AND    ACETYLENE    LIGHTING. 

There  is  not  a  great  deal  to  be  recorded 
in  this  section.  The  British  gas  journals 
are  taken  \ip  to  a  great  extent  with  the 
account  of  the  Annual  Meeting  of  the 
Institution  of  Gas  Engineers.  The 
papers  presented  do  not  deal  with  light- 
ing. 

G.  B.  Barham  (r/.ir..  May  24th), 
discusses  Incandescent  Lighting  for  Rail- 
way Carriages,  and  gives  some  figures 
for  the  costs  of  various  methods.  On 
the  G.W.R.,  for  example,  20  candle- 
power  units  consimiing  0*65  cubic  feet 
per  hoiu"  are  very  commonly  used. 
Originally  a  great  deal  of  trouble  was 
experienced  in  finding  mantles  that 
■^^'ould  stand  the  shock  of  railway  travel- 
ling, but  this  defect  has  been  largely 
overcome.  Mantles  will  now  last  350- 
375  hours,  and  on  smooth  running  main 
lines  more  favourable  results  may  be 
expected. 

W.  A.  Morris  {Gas  Age,  May  15th), 
contribvxtes  an  article  on  Domestic  Light- 
ing, which  is  interesting  for  the  illustra- 
tions of  attractive  gas  fixtures.  There 
is  doubtless  a  great  deal  more  to  be  done 
in  this  direction  in  England. 

The  acetylene  journals  contain  an 
account  of  the  papers  read  at  the  recent 
International  Congress  in  Rome.  Many 
of  these  were  devoted  to  modern  develop- 
ments in  the  use  of  acetylene  in  naviga- 
tion, special  reference  being  made  to  the 
lighting  at  the  entrance  of  the  Panama 
Canal. 

In  the  Revue  des  Eclairages  (May  31st), 
there  is  an  account  of  the  Fery  Acetylene 
Standard  of  Light  which,  however,  does 
not  as  yet  appear  to  have  been  used  in 
practice  to  any  great  extent.  The  same 
journal  contains  an  interesting  account 
of  a  "  travelling  church  "  in  the  United 
States,  built  and  furnished  in  the  Gothic 
style,  and  lighted  entirely  by  acetylene. 
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Strauss,  A.     Beleuchtung  der  Stadt  Dresden  (E.T.Z.,  May  22,  1913). 
Weintraub,  E.      Development  of  a  New  Quartz  Tube  Merjuiy  Arc  Lamp  (Elec.  World,  May  101. 

La  "  Lumidre  froide  "  de  M.  Dussand  (Rev.  Elecfrique,  May  16). 

Some  Tendencies  in  Electric  Lighting  (Elec.  Rev.  awl  West.  Elec,  May  31). 

Fortschritte  in  der  Beleuchtung  mit  Moore-Lisht  (Z.f.B.,  May  30). 

GAS,  OIL,  AND  ACETYLENE  LIGHTING 

Barham,  G.  B.     Incandescent  Gas  Lighting  for  Railway  Carriages  (G.W.,  May  24). 
Morris,  W.  A.      Domestic  Lighting  (Gas  Age,  May  15). 

Scager,  J.   A.     Automatic  Lighting  and   Extinguiihing  of  Gas   Lamjis   (Am.  Gaslight  Journal, 
May  26). 
Indirekte  imd  halbindirekte  Beleuchtung  (Z.f.B.,  May  20). 
Effect  and  Convenience  in  Gas  Fittings  (.J.G.L.,  June  3). 
L'!fi talon  F6ry  h  Acetylene  (Rev.  des  Eclairages,  May  31). 
Acetylene  Lighting:    Some  Papers  rjad  at  the  Intern  it 'onal  Congr  !ss  in  Rome 

May  31). 
Exposition  en  Angleterre  de  Lampes  et  Appareils  Portatifs  (Rev.  des  Eclairages, 

Acetylene,  May). 
Une  !lfiglise  Ambulante  ^clairej  k  Ac6tyl6ne  (Rn\  des  Eclairaj^s,  May  31). 


CONTRACTIONS  USED. 


E.  T.  Z. — Elcktrotechnisclie  Zeitschrifl. 

Elek.  u.  Masch. — Elektrotechnik  and  Maschineiibaii,  ' 

G.  W.—Gas  World. 

J.  f.  G. — Journal  filr  Gasheleuchlung. 

J.  G.  L. — Journal  of  Gaslighting. 

Z.  f.  B. — Zeitschrifl  fiir  Beleuchtungmcesen. 
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TRADE    NOTES. 


[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to  Trade  Notes,  and  are  open  to 
receive  for  publication  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bona  fide  information 
relating  thereto.] 


Merits  of  Tantalum  and  Wotan 
Lamps. 

A  Novel  CiNEMAToaRAPH  Display. 
At  one  of  the  Cinema  theatres,  in 
Dalston,  an  interesting  cinematograph 
disjolay  was  recently  arranged  by  Messrs. 
Siemens  Bros.  Films  were  shown  illus- 
trating all  stages  in  the  manufactm-e  of 
tantalum  lamps,  and  the  subsequent 
dispatching  of  them  from  the  factory. 
An  enterprising  featiu-ewas  the  portrayal 
of  family  life,  and  a  series  of  incidents 
showing  the  value  of  good  illumination 
in  the  home. 

Messrs.  Siemens  Bros.  Dynamo  Works, 
Ltd.,  also  inform  us  that  a  contract  has 
been  entered  into  with  the  Great  Northern 
Railwa.y  for  the  supply  of  drawn  wire 
metal  filf.ment  and  carbon  filament 
Irmps  dtirirg  the  ensviing  twelve  months, 
and  that  a  contract  for  the  supply  of 
standard  carbon  filrinent  lamps  has  been 
obtained  from  the  War  Oflfice. 

Contracts  for  Tantalum  traction  lamps 
have  also  been  entered  into  with  the 
Royal  Mail  Steam  Packet  Co.  and  the 
Roclidale  Corporation  Tramways.  Finally 
a  very  large  order  for  Wotan  lamjjs  has 
been  received  from  a  large  town  in 
S.  America. 


The  Benjamin  Electric,  Ltd.,  request 
us  to  mention  that  the  Accoimts  and 
Order  De])artments  are  now  managed 
at  the  compaiiy's  works  at  L\,  Rosebery 
Avenue,  E.C.  (Tel.  No.  City  2407). 

The  Sales  Office  and  Showrooms  are 
still  at  117.  Victoria  Street,  S.W.,  where 
all  inquiries  should  be  addressed. 

We  are  also  informed  that  Mr.  Guy 
Cami)bell.  the  Sales  Manager,  has  joined 
the  Board  of  Directors  of  the  Company 
as  Managing  Director. 

The  Benjamin  Electric  Manufacturing 
Co.  of  Chicago.  111..  U.S.A.,  and  the 
Benjamin  E'ectrie  Manufacturing  Co.  of 


Canada,  Ltd.,  have  large  factories  for  the 
manufacture  of  Benjamin  electric  lighting 
siDCcialities  for  sale  in  their  respective 
countries,  while  the  Benjamin  Electric. 
Ltd..  manufacture  at  their  London  factory 
the  material  for  the  English  and  Colonial 
markets. 

The  "Keith  Light." 

The  James  Keith  &  Blackman  Co., 
Ltd.  (27.  Farringdon  Avenue,  London, 
E.C),  have  issued  an  attractive  little 
booklet  describing  the  Keith  light.  The 
pamphlet  is  illustrated  by  a  series  of 
illustrations  of  streets  and  factories 
lighted  by  high-pressure  gas,  the  photo- 
graphs being  taken  by  artificial  light. 
Special  reference  is  made  to  "  Parade, 
or  Scale  Lighting,"  which  has  been  such  a 
feature  of  high-pressure  gas.  In  con- 
clusion a  few  illustrations  of  tj'pie.il  high- 
])ressure  units  are  given. 

Poplar  Electricity  Works 
Extensions. 

Official  Opening,  June  6th. 

We  liave  received  a  copy  of  the  souvenir 
booklet  issued  at  the  opening  of  these 
works  on  June  6th.  It  is  attractively 
got  up,  and  contains  a  history  of  the 
station  from  its  inception  in  1900  \)ve- 
])ared  by  the  chairman  of  the  Electricity 
Committee.  Councillor  H.  R.  Barge. 

Cinematograph  Specialities. 

The  Tress  Co.  (4,  Rathbone  Place, 
London.  W.)  send  us  their  latest  cata- 
logue of  cinematograi-»h  si^ecialities.  Illu- 
minated and  bead  signs,  and  screen 
transparencies  form  a  special  feature,  and 
particulars  are  also  given  of  some  photo- 
gra])hic  accessories,  svich  as  film  enlargers 
and  ]iortable  lamps  for  portrait  and 
cinematograph  work. 
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111  our  last  number  some  particulars  of  the  IJ.T.H.  ''X-ray"  reJlectors 
for  sho])-window  lighting  were  given.  The  above  illustration  shows  the 
effective  lighting  of  a  window  by  a  row  of  these  reflectors  concealed 
behind  the  facia.  The  lights  are  conii)letely  concealed  from  the  eyes,  and 
a  brilliant  illumination  shed  on  the  goods. 


(^ 
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THE 

l>olopDaiic  Cumekr. 


Tike  simple,  portable,  and  accurate  apparatus  for 
measuring  illumination,  surface=brightness,  or  re- 
flecting power. 

Can  be  carried  from  place  to  place  with  the  ease 
of  a  small  hand  camera. 

Dimensions  only  5|"  x  4h"  x  If";  case  and  accumu- 
lator supplied. 

Measurements  from  0*01  to  2000  foot-candles  can 
be  made. 


L 


Showing  general  appearance  of  new  model  of  Holophane  Lumeter. 
(Dimensions  :  5f"  X  i^"  x  1§".) 

The  Holophane  Lrumeter  is  of  value  not  only  to 
lighting  engineers,  but  to  architects,  medical  officers, 
factory   inspectors,  photographers,  and  many  others. 

Among  the  us^rs  of  this  insti  ument  miij  be  mentioned  : — 

The  House  of  Commons,  The  Home  Office  (Factory  Dept.),  The  London 
County  Council,  General  Post  Office,  Great  Western  Railway,  L.  and  S.W. 
Railway,  Underground  Railways,  The  Gas  Light  &  Coke  Co  ,  St.  James  and 
Pall  Mall  Electric  Supply  Co.,  The  Union  Electric  Co.,  The  British  Thomson- 
Houston  Co.,  &c.,  &c. 

For  all  jjariiciilars  ai^phj  to 

H0L0PHRNE    LTD. 

12,  Carteret  St.,  Queen  Anne's  Gate,  S.W. 
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EDITORIAL. 


The  Lighting  of  Lecture  Theatres. 

In  the  last  number  we  published  the  Interim  Report  of  the  Joint 
Committee  on  the  Artificial  Lighting  of  Schools.  In  this  issue  we  are 
publishing  two  interesting  articles,  which  we  have  received  from  Professor 
Bohle  and  C.  E.  Greenslade,  the  former  of  the  University  of  Capetown  and 
the  latter  of  the  Craw^ford  Technical  Institute,  Cork,  both  of  whom  describe 
the  lighting  of  lecture  theatres  in  their  respective  colleges.  No  doubt 
the  conditions  in  technical  colleges  arc  somewhat  different  from  those  in 
elementary  schools  for  which  the  report  of  the  Joint  Committee  was 
presumabh'  intended.  But  \]ie  main  essentials  of  good  lighting  are  sub- 
.stantially  the  same  in  both  cases. 

It  will  be  admitted  that  the  lighting  in  engineering  institutions  and 
colleges  is  still  often  deplorably  bad.  An  enterprising  teacher  of  electrical 
engineering  would  naturally  make  the  lighting  of  his  laboratories  and 
lecture  theatre  the  subject  of  special  study,  but  the  subject  of  engineering 
is  such  a  vast  one  that  lighting  is  apt  to  '"all  into  the  background.  This 
is  not  alwavs  the  fault  of  the  staff.    But  surelv  the  illuminatior  at  a  Technical 
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Institute  should  be  a  model.  The  Professors  have  special  tacilities,  and 
the  latest  information  on  the  subject  is  readily  available  to  thorn  ;  they 
can  often  obtain  substantial  gratuitous  help  from  companies  in  lighting- 
appliances  ;  and  the}'  have  at  their  disposal  workshops  where  new  apparatus 
can  be  contrived,  and  students  a  part  of  whose  education  it  should  be  to 
study  such  new  methods  of  lighting.  But  it  is,  admittedly,  often 
difficult  to  persuade  the  authorities  that  the  illumination  is  an  important 
matter,  and  to  induce  them  to  go  to  the  necessary  expense.  We  hope 
that  the  circulation  of  the  reports  published  in  our  last  number  will  do  some- 
thing to  modif\-  this  view. 

In  the  two  cases  before  us  the  lighting  seems  to  have  received  special 
attention.  It  is  surely  more  than  a  coincidence  that  the  methods  adopted  in 
the  lecture  theatre  at  Cork,  about  which  Mr.  Greenslade  gives  definite 
details,  agree  so  closel}-  with  those  recommended  by  the  Committee. 

The  arrangements  for  lighting  the  demonstration  tabic  and  blackboard 
are  particularly'  interesting.  While  substantialh'  confirming  the  suggestions 
of  the  Committee  the  author  raises  several  small  points  in  blackboard 
lighting  which  still  require  to  be  threshed  out.  One  of  these  is  the  inclination 
at  which  the  light  should  strike  the  blackboard  surface.  This  must  be 
considered  in  securing  the  avoidance  of  glare  caused  by  shininess  of  the  board. 
There  is  also  the  additional  fact  that  the  fine  particles  of  chalk  remaining 
on  its  surface  after  the  board  has  been  used  for  some  time  are  apt  to  catch 
the  light  and  impose  a  kind  of  "  luminous  veil  "  over  the  writing.  This, 
it  appears,  is  most  likeh'  to  occur  when  the  rays  strike  the  board  very 
obliquely. 

A  second  interesting  question  is  the  upper  limit  ot  illumination.  It 
has  several  times  been  suggested  that  in  illuminating  surfaces  to  be  seen  from 
some  distance  (such  as  blackboards,  placards,  targets  in  rifle  ranges,  &c.), 
the  illumination,  while  sufficient,  should  not  be  too  high  :  if  the  light  is 
excessive  there  is  a  kind  of  spreading  effect  of  the  illuminated  figures 
(irradiation),  which  interferes  with  distinct  vision.  At  present  there  do  not 
seem  sufficient  data  available  to  enable  one  to  state  the  exact  circumstances 
giving  rise  to  this  effect,  but  the  phenomenon  certainly  ought  to  be 
im'^estigated. 

We  understand  that  illumination  forms  an  integral  part  of  the 
instruction  both  in  the  Crawford  Institute  and  in  Capetown.  We  shall 
be  interested  to  hear  further  particulars  of  the  experiments  on  illumination 
undertaken  by  the  students  and  feel  sure  that  there  is  a  rich  field 
for  study  in  this  direction.  In  the  past,  there  is  no  doubt,  the  experiments 
provided  in  some  laboratories  have  not  been  of  the  most  interesting 
character.  Students  have  been  needlessly  bored  b}-  tedious  calculations 
and  troublesome  apparatus.  Surely  in  these  days  of  improved 
illumination  photometers  it  should  be  possible  for  them  to  pass  over  the 
initial  stages  of  the  work  more  rapidl}'  and  attack  practical  problems  on 
illumination. 


THE  ILLUxMINATING  ENGINEER.  409 

Electricity  in  Planning  and  Architectural  Design. 

The  article  which  we  have  abstracted  from  a  recent  number  of  the 
Journal  of  the  Society  of  Architects  (see  page  433 — 434)  says  quite  plainly 
what  has  often  been  hinted  in  these  columns — that  it  is  the  duty  of  the 
architect  to  interest  himself  much  more  closely  in  problems  of  illumination. 
It  is  very  gratifying  to  find  a  writer  in  an  architectural  journal  placing 
such  emphasis  on  this  point. 

Everyone  will  admit  that  the  architecture  and  planning  of  many 
buildings,  which  have  been  in  the  past  so  vitally  affected  b}^  da3-light, 
should  now  be  modified  to  some  extent  by  the  provision  of  artificial 
illumination.  "  Light  creates  the  surroundings  to  a  man's  eye  just  as  much 
as  nourishment  supports  man's  body."  It  has  much  to  do  with  the 
attractiveness  of  a  building  in  the  night  time.  No  doubt  this  is  not  equally 
true  of  all  buildings,  but  there  are  certain  cases,  notably  the  design  of  modern 
large  stores,  so  abh*  discussed  by  Mr.  Lanchester  a  few  months  ago,  in  which 
artificial  light  should  have  a  vital  effect  on  the  design. 

The  proposed  rebuilding  of  Regent  Street  is  quoted  as  a  case  in  point. 
It  is  remarked  that  the  proposed  plans  have  met  with  small  favour  from 
the  shop-keepers  of  this  street,  who  are  averse  from  the  idea  of 
devoting  much  of  the  frontage  to  stone-work — "  useless  lumps  of  stone 
occupying  useful  space."  But  it  is  suggested,  why  not  illuminate 
these  lumps  of  stone  so  as  to  make  them  striking  objects  which 
involuntarily  catch  the  eyes  of  passers-by  ?  For  example,  inverted 
mouldings  placed  round  the  base  of  columns  would  enable  them  to  be 
illuminated.  Special  decorative  effect?  might  be  arranged  for  in  the 
galleries  and  colonnades,    &c. 

But  it  is  in  the  interiors  of  the  buildings  that  the  disregard  of  lighting 
has  most  serious  results.  Several  of  those  who  spoke  in  the  discussion  of 
Mr.  Lanchester's  paper-  men  whose  names  are  associated  with  the  largest 
emporiums  in  London — confirmed  this  opinion.  By  the  provision  of 
judicious  mouldings,  recesses  and  outlets  for  the  lamps  at  an  early  stage 
in  the  design,  the  lighting  and  the  style  of  the  interior  might  be  brought 
into  complete  harmon\'  and  something  really  striking  and  effective  obained. 
At  present  the  lighting  is  an  afterthought.  The  positions  of  lamps  and  the 
natiux>  of  the  fittings  are  only  determined  when  the  building  is  actually  up 
and  when  it  has  become  difficult  to  scheme  out  an3'thing  really  novel  and 
attractive.  The  right  course,  as  we  have  said  again  and  again,  is  for  the 
architects  of  large  buildings  to  take  the  lighting  engineer  into  their 
confidence  at  an  early  stage  in  the  proceedings  ;  and  not  only  to 
take  an  interest  in  his  work,  but  to  offer  suggestions  as  to  how  the 
liglitmg  should  be  arranged  in  order  to  meet  both  the  practical  and 
th'5  architectural  needs  of  the  building.  This  is  the  age  of  specialisation, 
and  we  feel  sure  that  the  architect  would  Iosl  nothinij  in  dignity  hy  such 
co-operaiion. 
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Scientific  Glassware  and  Illuminating  Engineering. 

Several  recent  papers  before  the  Illuminating  Engineering  Society 
have  demonstrated  the  important  role  played  b}'  scientifically  designed 
shades  and  reflectors. 

Whatever  be  the  problem  before  us,  we  find  that  its  solution  depends 
on  the  choice  of  the  appropriate  globe,  shade  or  reflector.  Manufacturers 
now  make  a  special  point  of  producing  fittings  to  meet  specific  problems. 
They  supply  data  enabling  the  contractor  to  choose  the  proper  pattern  of 
shade  and  to  calculate  the  resulting  illumination.  Illuminating  glassware, 
formerly  regarded  merely  as  a  more  or  less  ornamental  accessory,  is  new 
designed  in  accordance  with  fixed  optical  laws  and  with  a  view  to  the 
proper  distribution  of  light. 

It  will  therefore  be  appreciated  that  a  departure  from  the  guaranteed 
design  is  regarded  more  serioush'  than  it  would  have  been  a  faw  years  ago. 
For  to-day  it  is  known  that  even  small  changes  in  the  design  of  reflectors,  such 
as  are  not  apparent  to  the  untrained  eye,  may  have  a  great  influence  on  its 
performance  in  practice.  No  S3  stem  of  glassw'are  would  now  be  considered 
scientific  in  desifi'n  without  a  guarantee  that  each  individual  shade  or  re- 
flector will  give  a  certain  predetermined  distribution  of  light  ;  without  this 
understanding  accurate  illuminating  engineering  would  hardly  be  possible. 
As  an  illustration  we  may  refei  to  a  recent  action  in  the  King's  Bench 
Division  ir  which  Holophane,  Ltd.,  were  concerned.  The  case  arose 
through  the  sale  as  "  Holophane,"  of  a  certain  variety  of  prismatic  glassware 
the  quality  of  which  the  Company  considered  to  be  inferior.  It  was  urged 
that  the  substitution  of  glassware  which  did  not  comply  exactl}'  with  the 
data  published  would  be  prejudicial  to  the  reputation  which  the  Company 
had  built  up,  since  a  unit  would  no  longer  give  the  results  anticipated. 

As  is  well  known,  the  Holophane  Company  were  among  the  earliest 
pioneering  concerns  in  illuminating  engineering.  Besides  winning  well- 
merited  approval  from  experts  in  illumination  all  the  world  over  they 
have  had  the  unique  distinction — (which  we  believe  has  not  been  conferred 
on  any  other  forms  of  glassware  serving  as  distributors  of  light) — of  receiving 
awards  from  the  Franklin  Institute  and  at  several  International  Exhibitions, 
in  recognition  oi  the  scientific  nature  of  their  products. 

In  order  to  give  good  results  prismatic  glassw^are  needs  to  be  designed 
with  extreme  care.  The  prisms  have  to  be  accurately  shaped  so  that  the 
rays  of  light  may  be  regularly  and  uniformly  diffused  in  exacth'  the  pre- 
determined directions,  and  for  which  purpose  special  tools  and  moulds 
are  necessary.  The  experience  of  the  last  fifteen  years  justifies  the  claim 
that  the  Holophane  Ccmpany's  Glassware  is  essentially  scientific,  and  we 
aie  glad  to  see  that  it  is  the  intention  of  the  Company  to  keep  the:r 
high  reputation,  and  congratulate  them  on  the  stand  they  have  taken  on 
bihalf  of  scientifically  designed  glassware. 

Leon  Gaster. 
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TECHNICAL  SECTION. 


The  Editor  tohile  not  soliciting  contributions,  is  wiliing  to  consider  the  publication  of  original 
articles  submitted  to  h  >rn,  or  letters  intended  for  inclusion  in  the  correspondence  columns 
of  "  The  Illutninating  Engineer." 

The  Editor  does  not  necessarily  identify  himself  icith  the  opinions  expressed 
by  his  contributors. 

SOME   NOTES   ON   INTERIOR   ILLUMINATION. 

By  Prof.  H.  Bohle. 

[Abstract  of  a  paper  read  before  the  Cape  Town  local  section  of  the  Institution  of  Elec. 

Engineers,  Sept.  4th,  1912.] 


With  the  improvement  in  the  manu- 
facture of  incandescent  lamps  the  quantity 
of  light  required  for  comfort  has  increased 
to  a  remarkable  extent.  Where  formerly 
an  illumination  of  one  candle-foot  was 
sufficient,  we  require  nowadays  about 
double  this  quantity.  The  table  which 
the  writer  published  on  a  previous 
occasion,*  and  which  was  considered  by  a 
few  to  give  a  somewhat  excessive  illumina- 
tion, produces  to-day  no  more  than  the 
proper  requirements.  And  in  some 
places  an  even  highc-r  illumination  is 
essential  in  order  to  recognise  the 
finest  details.  The  table  gives  figures 
varying  from  3'28  candle-feet  for  a  room 
with  black  walls  and  ceiling  to  1"37 
candle-feet  for  a  rooni  with  white  walls 
and  ceiling,  showing  thus  a  great  diver- 
gency. 

But  there  is  no  doubt  that  the  eye 
is  affected  far  more  by  contrast  than  by 
actual  illumination.  A  room  with  an 
average  illumination  of  3  candle-feet, 
having  dark  walls,  will  look  badly  illumin- 
ated compared  with  a  white  room  with  half 
the  illumination.  On  the  whole  it  is 
useless  to  instal  at  the  present  day  a 
greater  illumination  than  given  in  the 
above-mentioned  table  ;  light  would 
simply  be  wasted,  since  the  eye  is  already 
in  full  action  ;  only  in  the  case  of  extreme 

*  Sec  the  author's  hook  on  Etfctriral  Photo- 
iiielri/  and  Illi(»iin)ilion.  jmgc  1G2  (Ch.  (Jrittin 
and  Co.). 

t    For   furtluT   iufnnnation  see  autlior"s   te.vt 
book. 


requirements  (for  local  work  and  spec- 
tacular effect)  should  the  illumination  be 
greater. 

CONTRACTOX  OF  THE  PuPIL  AND  FaTIGUE. 

An  illuminating  engineer  must  satisfv 
two  sciences  : — physics  and  physiology. 
A  lighting  installation  may  be  perfect 
from  a  physical  standpoint  and  yet  be 
physiologically  defective.  In  other  words, 
suf/icient  light  does  not  always  represent  a 
correct  light.  An  increase  in  the  intensity 
may  even  decrease  the  (juantity  of  light 
entering  the  eye,  for  a  high  uniform  illumin- 
ation produces  fatigue  and  causes  the  pupil 
aperture  to  contract.  This  is  especially 
the  case  with  direct  light,  which  must  be 
averted  from  the  eyes,  either  by  placing 
it  out  of  the  line  of  vision  or  by  surround- 
ing it  with  proper  globes.  The  contrac- 
tion of  the  pupil  aperture  takes  place 
when  a  sudden  excess  amount  of  light 
enters  it  ;  whereas  fatigue  is  caused  l)y 
continued  absorption  of  large  quantities 
of  light.  Conseijuently,  we  should  really 
supplv  two  illuminations  ;  a  fairly  high 
one  for  working  purposes.  su})plying  the 
local  illumination,  and  a  considerablv 
lower  one  for  general  purpo.ses.  which 
allows  the  eye  to  rest  from  the  high 
intensity,  and  to  recover  its  increased 
sensitiveness. 

Colour  of  Lk.iii. 

The  colour  of  light  has  an  important 
bearinji  on    the    comfort    attainable.     In 
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the  case  of  a  low  illumination,  the 
sensitiveness  of  the  eye  moves  towards 
the  greenish-blue  part  of  the  spectrum, 
so  that  light  rich  in  these  rays,  such 
as  given  bv  the  Mercury  Vapour  Lamp, 
is  preferable.  Unfortunately,  the  almost 
total  absence  of  red  rays  makes  every- 
thing look  of  a  ghastly  colour.  In 
rooms  with  light  colours,  lamps  rich  in 
greenish-blue  rays  are  less  desirable. 
Dirt  is  mostly  of  a  brownish  colour,  and 
when  the  light  of  a  Mercury  Vapour  Lamp 
strikes  it,  it  appears  practically  black. 
To  avoid  stains  from  soiled  materials  and 
the  sombre  appearance  of  red  and  brown 
papers,  we  should  use  lamps  rich  in  red 
ravs.  This  would  imply  that  for  indoor 
lighting  the  incandescent  lamp  has  many 
points  in  its  favour. 

ltxiformity  of  illumination  and 
Shadows. 

Sharp  shadows  should  always  be 
prevented,  but  they  must  not  be  done 
away  with  altogether,  as  it  may  then 
become  difficult  to  distinguish  fine  details. 
To  see  properly  so  as  to  recognise  fine 
details  it  is  essential  to  have  different 
shades.  In  an  Ulbricht  Globe  Photo- 
meter, with  an  almost  perfect  diffusion,  it 
would  be  extremely  difficult  to  distinguish 
a  white  sphere  from  a  white  disc.  In 
ordinary  rooms,  however,  we  cannot  easily 
diffuse  the  light  too  much,  even  if  the 
walls  and  ceiling  are  perfectly  white  ; 
the  furniture  of  the  room  will  usually 
provide  sufficient  contrast  and  a  perfect 
diffusion  will  not  result. 

This  is  well  illustrated  in  Fig.  1,  which 
represents  a  photograph  of  the  "  Common 
Room "  in  the  New*  Hiddingh  Hall. 
From  Fig.  1,  it  will  be  seen  that  even  the 
finest  details  of  the  pictures  on  the  wall 
are  recognisable,  and  the  creases  in  the 
trousers  of  the  person  sitting  at  the 
table.  Properly  diffused  light  can  be 
obtained  with  direct,  as  well  as  with 
indirect  light. 

There  is  no  doubt  that,  in  order  to  avoid 
glare,  people  have  largely  gone  from  the 
one  extreme,  namely,  direct  light  in  the 
line  of  vision,  to  the  other  extreme, 
namely,  indirect  light.  But,  indirect 
lighting  is  a  good  deal  more  expensive 
than  the  direct  method,  since  the  loss  of 
light  is  much  greater.  Where  the  lights 
can  be  placed  out  of  the  line  of  vision,  there 


is  no  need  for  installing  indirect  lighting 
since  almost  equally  good  results  may 
be  obtained  with  the  direct  method  and 
at  a  lower  cost.  The  light  must,  of  course, 
be  well  distributed,  but  this  is  also  essential 
for  the  indirect  method.  Shadows  should 
be  largely  avoided.  The  sharpness  of  the 
shadow  depends  not  only  on  the  type  of 
illumination  and  the  distribution,  and 
the  reflective  powers  of  the  surroundings, 
but  also  upon  the  distance  of  the  shadow 
thrower  from  and  its  relative  position  to 
the  radiator.  A  stick  placed  parallel  to  a 
Moore  tube  throw^s  a  sharp  shadow,  but 
if  this  stick  had  been  placed  at  right  angles 
there  would  have  been  hardly  any  shadow. 
The  stick  placed  under  a  street  lamp 
with  a  high  candle  power  fixed  to  a  low 
post  in  such  a  manner  that  the  light  falls 
under  an  angle  of,  say,  30  degrees  upon 
the  stick  causes  a  black  shadow-,  whereas 
at  a  considerable  distance  the  shadow^  is 
less  distinguishable.  In  this  case  the 
next  lamp  takes  some  part  in  the  illumina- 
tion, causing  it  to  be  more  diffused.  Even 
in  a  room  with  a  fairly  uniform  illumina- 
tion, we  may  find  that,  from  a  physio- 
logical standpoint,  the  illumination  is 
satisfactory  only  in  a  few  places,  as  can 
be  easily   tested  by  producing  shadows. 

Where  a  number  of  lamps  cast  a  shadow 
of  a  rod,  in  different  directions,  the 
illumination,  even  in  the  shadow  area,  is 
usually  sufficient  ;  but  near  a  corner  of 
the  room  this  might  not  be  the  case, 
since  here  this  illumination  may  be  chiefly 
due  to  one  lamp,  and  the  shadow  thrown, 
in  consecjuence,   very   dark. 

It  will  be  obvious  from  these  remarks 
that  the  quality  of  an  illumination  must 
be  judged  almost  entirely  by  the  ability 
with  which  we  recognise  fine  details  ;  the 
illumination  should,  in  consequence,  be 
neither  too  little  nor  too  much  diffused. 
As  we  have  to  deal  with  tw^o  sciences, 
it  follows  that  the  judgment  cannot  be 
tasily  formed.  Testing  the  illumination 
with  photometers  may  satisfy  the  physical 
science,  but,  it  gives  no  indication  as 
regards  the  physiological  quality.  An 
attempt  has  been  made  bv  Dr.  Konrad 
Norden  (see  E.T.Z.,  1911,  p.  607)  to  bring 
the  physiological  quality  of  an  illumina- 
tion within  the  range  of  mathematics. 

He  expresses  diffusion  as  the  extent 
to  which  shadows  are  illuminated.  The 
more  we  illuminate  the  shadows  cast  by  a 
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Fig.  1. — A  view  of  the  Comraon  Room  in  the  Hiddingh  Hall,  S.  African  CoJlejre,  Capo  Town. 


Fig.  2. — The  Assembly   Hall,  S.   African  College,  Cape  Town. 
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single  radiator  by  means  of  other  illumi- 
nants,  the  more  perfect  is  the  resulting 
diffusion.  When  the  illumination  is  by  a 
single  point  source,  the  diffusion  D  is  nil. 
and  when  no  shadows  are  cast  it  is  perfect 
and  has  the  value  unity.  All  other  cases 
lie  between  these  two  values.  This  may 
be  expressed  as  follows  : — 

I=D=0 

Although  it  is  possible  to  express  the 
diffusion,  or  rather  the  '•  shadow-power  " 
(Sp  =  I — D)  by  some  formulae  for  very 
simple  cases,  as  has  been  done  by  Dr. 
Norden,     its    practical    value     will     be 


The  HidditKjh  Hall 

The  photograph  of  the  Students' 
Common  Room  has  already  been  given  in 
Fig.  1.  The  actual  number  of  lamps 
installed  in  this  room  is  ten,  of  the 
50-watt-tungsten  type,  with  a  mean 
spherical  intensity  of  35  candles.  The 
average  illumination  is  about  2*6  candle- 
feet, whereas,  according  to  curves  published 
previously  by  the  author,*  it  should  have 
been  about  2-7  candle-feet,  which  shows 
a  very  fair  agreement.  The  degree  of 
uniformity  is  very  high,  the  ratio 
maximum  value  over  minimum  value 
beins  1-2. 


Fig.  3.— The  Library,  Hiddingh  Hall,  S.  African 
College,  Cape  Town. 


Fig.  4.- 


-Physiologica]  Lecture  Room,  8.  African 
College,  Cape  Town. 


small  until  further  experiments  are 
carried  out  which  tell  us  exactly  what 
diffusion  is  needed  for  the  recognition  of 
fine  details,  and  before  instruments  are 
devised  enabling  us  to  determine  the 
shadow  power  of  the  installation  and  to  ex- 
press it  physiologically.  It  appears  to  the 
author  that  the  Holophane  lumeter  would 
probably  be  suitable  for  the  purpose. 

The  Lighting  of  the  New  Buildings 
OF  THE  South  African  College. 

The  remarks  made  so  far  will  give 
some  indication  as  to  the  basis  on  which 
the  lighting  of  the  New  South  African 
College   Buildings   has   been  carried   out. 


Fig.  2  represents  the  Assembly  Hall. 
The  illumination  consists  of  seven 
chandeliers  of  five  lamps  each,  all  of 
twelve  brackets  with  two  lamps  each. 
The  ceiling  is  white  and  the  walls  are  teak 
panelled  up  to  a  height  of  ten  or  twelve 
feet.  This  panelling  was  not  contem- 
plated originally,  and  as  a  result  the 
brackets  on  the  walls  are  fixed  near  the  top 
of  the  teak  panelling.  A  better  result 
would  have  been  obtained  if  the  brackets 
had  been  placed  above  the  windows 
on  the  white  wall.  As  it  is,  the  bright 
lamps    in    front    of    the    teak    panelling 

*  See  the  author's  text-book. 
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Fig.  5. — The  Dissecting  Room  in  the  New  Medical  School,  S.  African  College,  Cape  Town. 


Fig.  6.— Experimental  Laboratory  of  the  Professor  of  Physiolcgy,  S.  African  College,  Cape  Town. 
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provides  a  fair  amount  of  contrast.  The 
illumination  is,  however,  fairly  satis- 
factory without  the  wall  brackets, 
although  the  diffusion  is  not  nearly  so 
great.  This  one  can  easily  notice  by 
studying  the  faces  of  people  in  the 
hall.  With  all  the  lamps  on,  the  wrinkles 
in  people's  faces  are  not  nearly  so  notice- 
able as  they  are  with  the  wall  brackets 
switched  off.  With  all  the  lamps  on  the 
illumination  varies  from  2^  to  3|  candle- 
feet. 

In  Fig.  3  is  given  a  photograph  of  the 
Library.  The  room  is  divided  by  means 
of  bookshelves  into  twelve  alcoves,  each 
about  11  ft.  6  in.  by  8  ft.  6  in.,  leaving  a 
free  central  space  of  10  ft.  9  in.  The 
height  of  the  room  is  15  ft.  The  general 
illumination  consists  of  six  tungsten 
lamps,  giving  about  35  M.S.C.P.,  fixed 
close  to  the  ceiling,  with  conical  opal 
shades.  The  illumination  of  each  alcove 
is  brought  to  the  required  amount  by  the 
addition  of  similar  lamps  fixed  to  rising 
and  falling  pendants.  The  illumination 
is  perfectly  satisfactory  when  the  lamps 
are  about  level  with  the  top  of  the  book- 
shelves. There  is  also  sufficient  light 
for  reading  the  names  of  the  titles  of 
books  even  at  the  bottom  of  the  shelves. 

The  New  Medical  School. 

Fig.  5  shows  a  photograph  of  the  new 
Dissecting  Eoora.  In  a  room  of  this 
nature,  a  very  high  illumination  is 
required  on  the  tables,  and,  in  consulta- 
tion with  Dr.  Thomson,  it  w-as  decided 


to  place  a  rising  and  falling  pendant  with 
Holophane  reflectors  upon  each  table. 
Originally,  two  lamps  weie  contemplated 
for  each  table,  but  the  number  was 
reduced,  on  account  of  cost.  As  it  is  the 
lighting  is  quite  satisfactory  in  every 
respect.  The  number  of  lamps  is  suffi- 
cient to  give  a  very  uniform  general 
illumination,  and  with  Holophane 
reflectors  above  the  lamps,  the  light  is 
sufficiently  concentrated  downwards  to 
give  a  high  illumination  Avhere  it  is 
wanted.  The  reflectors  are  deep  enough 
to  prevent  any  glare,  especially  as  the 
surroundings  are  practically  white. 

Fig.  4  represents  the  Physiological 
Lecture  Room,  also  directly  lighted  with 
lamps  close  to  the  ceiling,  but  with  special 
reflectors  for  the  blackboard  lamps. 
Fig.  6  shows  the  Experimental  Laboratory 
of  the  Professor  of  Physiology.  Here 
the  lamps  are  again  close  to  the  ceiling, 
well  distributed,  giving  a  very  pleasing 
appearance  to  the  interior. 

To  those  w^ho  went  over  the  building  it 
might  appear  that  the  light  was  somewhat 
too  plentiful.  It  must,  however,  be 
remembered  that  a  medical  building 
should  be  correctly  illuminated  in  every 
respect,  and  the  photographs  indicate 
sufficiently  that  these  results  have  been 
achieved,  not  only  from  a  physical  but  also 
from  a  physiological  standpoint.  Glare 
is  entirely  avoided  in  all  the  rooms,  and  the 
light  is  well  diffused  where  a  great  diffusion 
is  wanted,  and  yet,  everywhere,  the  finest 
details  are  recognisable. 
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SOME    NOTES    ON    THE    LIGHTING    OF    A    SMALL 
LECTURE    THEATRE. 

By  C.  E.  Greenslade. 
{Head  of  the  Electrical  Department  at  the  Crawford  Technical  Institute,  Cork.) 


The  writer  was  niucli  interested  in  the 
Interim  Report  of  the  Joint  Committee 
on  School  Lighting  published  in  this 
Journal  last  month.  The  lighting  of  the 
Electrical  Engineering  lectm-e  theatre 
at  the  Crawford  Technical  Institute  in 
Cork  has  been  the  subject  of  many 
experiments,  and  a  few  particulars  about 
the  lighting  of  this  room  may  be  of 
service.  Most  of  the  conclusions  reached 
in  these  investigations  are  very  similar 
to  those  of  the  Committee. 

Fig.  1  shows  a  plan  and  elevation 
of  the  room.  The  area  occupied  by 
the  students'  desks  is  about  350  sq.  ft.; 
the  corresponding  area  for  the  lecturer's 
portion  of  the  room  250  sq.  ft.  The 
height  of  the  room  is  13|-  ft.  at  the  front 
and  lOi  ft.  at  the  back. 

The  general  illumination  is  provided 
b}-  three  40-watt  tungsten  lamps  in 
Holophane  1.60  reflectors.  The  con- 
sumption for  this  area  of  the  room  is 
only  0'3  watts  per  square  foot.  As  will 
be  seen  from  Fig.  1  the  illumination 
for  the  benches  is  very  even,  being 
slightly  under  2  foot -candles. 

The  lamps  are  placed  high  up  on  the 
ceiling  and  out  of  the  range  of  vision 
of  the  students.  The  big  girder  on  the 
ceiling  (visible  in  Fig.  2),  prevents  the 
lecturer  seeing  the  lights,  but  it  has 
the  drawback  of  making  part  of  the 
ceiling  rather  dark.  The  surface  bright- 
ness of  the  ceiling  is  at  present  only 
about  \  foot-candle  and  that  of  the 
walls  \  foot-candle.  The  writer  has 
come  to  the  conclusion  that  in  order 
that  a  room  may  appear  to  be  cheerfully 
lighted,  and  that  there  may  appear 
nothing  oppressive  in  the  appearance 
of  the  ceiling,  the  brightness  of  the 
ceiling  should  be  not  less  than  twice 
that  of  the  walls.  Some  rearrangement 
of  the  lights  will  be  attempted  with  a 
view  to  getting  nearer  this  ratio. 


The  arrangements  for  the  lecture 
table  and  blackboard  will  be  understood 
from  Figs.  2  and  3.  The  table  is  lighted 
by  two  60-watt  tungsten  lamps  in 
Holophane  Benjamin  Steel  reflectors, 
giving  an  illumination  on  the  table  of 
from  2-4  foot-candles.  Opaque  reflectors 
which  completeh'  screen  the  source  of 
light    from    the    eyes    of    the    students 
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Fig.  4. — Showing  position  of 
Unifiux  reflectors  to 
light  blackboard. 
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are  most  suitable  for  the  illumination 
of  the  demonstration  beiu-h.  as  they  can 
be  hung  at  a  fairly  low  level. 

An  interesting  feature  in  the  design  of 
the  bench  is  the  raised  shelf  at  the  back 
which  covers  the  wires  carrying  the 
current  to  the  bench  for  experimentaJ 
purposes.  The  bench  top  is  painted 
a  lead  grey  to  show  up  coloured  wires  and 
apparatus  clearl}'. 

c2 


418 


THE  ILLUMINATING  ENGINEER. 


The  lighting  of  the  blackboard  is 
carried  out  by  two  one-foot  length 
Holophane  Uniflux  reflectors  arranged 
as  shown  in  Fig.  4.  The  blackboard  is 
roughly  12J  by  3|-  sq.  ft.  The  numbers 
chalked  on  the  board  and  shown  in  Fig.  3 
indicate  the  distribution  of  the  illumina- 
tion, which  averages  about  4  foot-candles. 

The  Uniflux  reflector  occupies  an 
almost  vertical  position  somewhat 
different  from  what  theoretical  con- 
siderations would  suggest  to  be  desirable  ; 
this  is  due  to  the  fact  that  the  lower 
portion  of  the  blackboard  receives  a 
certain  amount  of  light  from  the  lamps 
for  the  lecture  bench. 

The  illumination  for  the  blackboard 
is  very  uniform  considering  that  it  is 
produced  by  only  two  units.  The 
illumination  provided,  4  foot-candles, 
easily  enables  diagrams  in  coloured 
chalic  to  be  seen.  The  experiments 
carried  out  in  this  room  suggest  that 
it  is  not  a  good  plan  to  increase  the 
illumination  of  the  average  blackboard 
much  beyond  this  figure.  It  is  rather 
curious  that  in  recommendations  on 
illumination,  stress  is  always  laid  on  the 
necessity  for  a  certain  minimum 
illumination,  but  little  is  said  regard mg 
the  desirable  maximum.  It  was  found 
that  when  the  blackboard  illumination 
was  increased  much  beyond  the  figure 
indicated,  acuteness  of  vision  is  to  some 
extent  interfpred  with.  It  is  possible 
that  this  is  due  partly  to  the  amount  of 
light  reflected  from  particles  of  chalk 
on  the  board,  but  it  may  also  be  that 
at  these  higher  illuminations  there  is 
a  certain  amount  of  "  irradiation " 
{i.e.,  physiological  spreading  of  the 
images  of  the  white  figures). 

A  rough  rule  that  might  perhaps  be 
suggested  is  that  the  surface  brightness 
of  the  blackboard  should  be  about 
the  same  as  that  of  the  desks  in  the 
lecture  theatre,  and  ought  not  to  exceed 
0*3  foot-candle.  In  this  case  the 
illumination  on  the  blackboard  will  be 
considerably  higher  than  that  on  the 
desks. 

All  the   figures  given  for  illumination 

are    those    obtained   at  the    end    of   the 

session   without  special  cleaning  of  any 
kind 


There  are  several  other  points  in 
blackboard  lighting  which  have  to  be 
considered  and  which  seem  to  be  met 
by  the  arrangements  in  this  theatre. 
It  is,  of  course,  essential  that  the  lamps 
should  be  completely  screened  from  the 
eyes  of  students  by  an  opaque  reflector. 
This  must  be  so  placed  that  the  lecturer, 
when  turning  away  fi'om  the  blackboard, 
is  not  dazzled  by  seeing  naked  filaments  ; 
and  there  must  also  be  no  inconvenient 
shadows  of  the  head  cast  on  the  board. 
Another  point  to  be  noted  is  that  the 
rays  of  light  should  not  strike  the  surface 
of  the  blackboard  at  a  very  oblique 
angle.  Tubular  reflectors  have  some- 
times been  mounted  close  to  the  top 
of  the  blackboard  so  that  the  light 
strikes  the  surface  very  obliquely.  In 
these  circumstances  all  the  small  particles 
of  chalk  left  on  the  blackboard  are 
lighted  up  and  the  wi-iting  on  the  board 
seems  to  be  seen  through  a  sort  of 
luminous  haze.  High  local  lighting  of 
this  kind  may  actually  be  a  drawback, 
making  it  more  difficult  to  read  the 
figures  than  no  local  lighting  at  all. 

Attention  may  next  be  drawn  to  the 
screen  for  lantern  diagrams,  placed  on 
the  right  of  the  blackboard  (see  Fig.  2). 
This  is  about  3  feet  square.  The  pro- 
jection lantern  is  placed  on  the  lecture 
table  and  throws  an  exceedingly  bright 
image  on  this  screen.  When  no  slide  is  in 
use  the  illumination  is  about  22  foot- 
candles  ;  whereas  with  an  ordinary  lantern 
arrangement  and  a  screen  about  10  ft. 
square  not  more  than  1  foot-candle  is 
usually  obtained.  The  advantage  of  this 
high  illumination  is  that  pictures  can  be 
thrown  upon  the  screen  and  seen  without 
difficulty  even  while  the  general  lighting 
of  the  room  is  kept  on.  It  should  be 
mentioned  that  no  student  sits  farther 
than  24  feet  from  this  .screen.  It  is 
hardly  possible  to  show  complicated 
tables,  but  the  arrangement  answers 
excellently  for  plans  and  illustrations 
not  having  a  great  deal  of  fine  detail. 
As  a  matter  of  fact  it  may  be  questioned 
whether  it  is  worth  while  to  show 
complicated  tables  and  diagrams  as 
lantern  slides,  for  the  lecturer  cannot 
keep  them  on  long  enough  for  his 
audience  to  examine  them  properly. 
Experience    at    the    Crawford    Institute 
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FiCi.  L — Plan  and  Elevation  of  Lecture  Theatre,  showing  the  arrangement  of  the  light. 
The  numbers  indicate  the  ilhiniination  in  foot-candles  jirovided  on  the  desk? 
and  demonstration  table.     Area  25  ft.  X  24  ft. 
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has  shown  that,  in  the  case  of  tables 
summarising  data  of  permanent  value, 
it  is  a  better  plan  to  make  up  a  diagram 
which  can  be  hung  up  in  the  lecture 
theatre  continuously ;  an  opportunity 
is  thus  given  for  the  matter  presented  to 
"  sink  into  "  the    minds  of    students. 

The  only  other  point  that  deserves 
mention  is  the  local  illumination  of  the 
electrical  measuring  instruments.  Th'^se 
will  be  seen  on  the  right  in  Fig.  2.  This 
is  carried  out  by  means  of  Tubolite  lamps 
and  reflectors,  the  lamps  bsing,  of  course, 
completely  concealed  from  view  and 
controlled  by  a  simk  Twinob  switch 
in  the  bench  top. 

Experiments  on  lighting  are  being 
mf.de  in  other  parts  of  the  Institute, 
and  it  is  possible  that  on  a  future 
occasion  the  writer  may  be  able  to  give 
some  particulars  of  these.  In  one  room 
a  rather  interesting  expedient  has  been 
adopted,  namely,  the  use  of  Holophane 
reflectors  (of  the  type  commonly  employed 


with  gas  units)  with  Excello  arc  lamps 
hung  above  the  ceiling  windows.  The 
illumination  on  the  working  plane  is 
materially  improved  thereby  together 
with  complete  absence  of  glare.  An 
illumination  of  about  6  foot-candle? 
(indirect  lighting)  is  provided  for  the 
drawing  offices.  While  5  foot-candles 
might  be  taken  as  a  minimum  for 
ordinarv  work,  it  is  essential  to  exceed 
this  vahie  and  to  use  direct  lighting  in 
the  case  of  fine  tracing. 

In  conclusion  it  may  be  mentioned 
that  the  writer  proposes  to  extend  the 
course  on  lighting  at  the  Institute,  and 
at  the  present  moment  id  considering 
the  planning  of  special  experiments  on 
illumination.  In  the  past  there  has  been 
a  tendency  at  Institutions  to  bore 
students  needlessly  by  tedious  calculations 
and  old-fashioned  photometric  apparatus  ; 
we  should  now  try  to  reduce  labour  of 
this  kind  to  a  minimum,  so  as  to  enable 
the  student  to  make  practical  experiments 
on  illumination  at  an  early  stage. 


SOME  NOTES  ON  REFLECTORS  AND  GLOBES. 

By  Arthur  Blok.  B.Rc,  A.M.LE.E. 


It  will  be  recalled  that  at  a  meeting  of 
the  Illuminating  Engineering  Societv, 
held  in  the  early  part  of  the  present  year, 
a  paper  dealing  with  some  general  prob- 
lems in  the  design  of  globes  and  reflectors 
was  read.*  The  subject  is  one  of  great 
importance,  and  it  occurred  to  the  author 
that  some  additional  information  about 
a  few  typical  fittings  commonly  met  with 
in  practice  would  be  welcome. 

The  results  were  in  all  cases  obtained 
by  means  of  a  form  of  three-mirror 
rotator  developed  by  the  writer  for  the 
purpose  of  rapidly  obtaining  polar  curves 
of  intensity. 

•  ILLCM.  Eyr,.,  I.ond.,  March,  1913. 


In  this  device  (Fig.  1)  three  inclined 
mirrors,  M',  AP,  M^,  are  carried  in  a 
frame,  F,  which  is  arranged  to  turn  about 
a  horizontal  axis  passing  through  the 
tested  lamp,  L,  and  to  direct  the  light 
on  to  the  photometer  screen,  P.  With 
this  arrangement,  the  lamp  under  test 
remains  immovable  and  the  rays  always 
arrive  upon  the  photometer  disc  normal 
to  its  surface,  whatever  be  the  angular 
position  of  the  mirror  frame  with  regard 
to  the  lamp.  The  photometer  box  was 
fixed,  and  balance  was  obtained  by  means 
of  a  small  movable  electric  standard  lamp, 
E,  supplied  from  a  4-volt  accumulator. 

A  special  object  of  the  series  of  tests 
from  which  most  of  the  results  are  drawn 
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Fig.  2. — A  view  of  the  blackboard,  illuminated  by  Uniflux  Reflectors.     The  numbers 
chalked  on  the  board  indicate  the  illumination  provided. 


Fin. 


.3. — A    view    of    the    Lecture    Theatre    from 
illuminating  the  bench  and  blackboard. 


the     back    showing    the    method    ot 
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was  to  ascertain  whether  it  is  possible 
when  working  on  commercial  gas  or 
electric  supply  systems  to  obtain  reliable 
polar  curves  without  having  to  employ 
regulating  devices  of  such  a  nature  as  to 
be"  suitable  only  for  laboratory  conditions 
of  refinement.  In  some  of  the  curves 
the  observed  points  are  shown  by  way  of 
example.  From  the  uniformity  of 
the   results   it   would   appear   that    with 


the  series  of  tests.  With  the  electric 
lamps  a  plain  sliding  rheostat  was  used 
in  series  with  an  open  scale  ammeter, 
the  meter  and  resistance  being  placed 
on  the  bench  immediately  below  the 
photometer.  By  glancing  at  the  ammeter 
immediately  before  each  balance  and 
adjusting  the  resistance,  if  necessary,  the 
observer  could  easily  ensure  a  very 
constant   current   value   in   spite   of  the 
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Fic.  1. — Arrangements  for  Photometric  Measurements  by  means  of  Three-mirror  Rotator. 
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Fig.  2. — Polar  Cmves  of  Upright  Mantle  with  Opaline  Reflectors  shown  in  Fig.  3. 
(A  =  with    reflector    A,    B  =  with    reflector    B,     C  =  without  reflector.) 


quite  simple  means  for  regulating  the 
illuminant,  results  of  very  considerable 
value  may  be  obtained  easily  and  without 
the  need  of  very  expert  manipulation 
or  knowledge.  For  the  gas  tests  a 
simple  Borrodaile  governor  was  used,  and 
it  was  found  that  the  pressure  at  the 
burner  remained  constant  within  O'l  to 
0-1.5  in.  of  water  although  the  main 
pressure  varied  from  3-.5  to  6-5  in.  during 


ordinary  small  voltage  variations  on  the 
supply  mains.  A  Leeson  star  disc  with 
the  usual  V-mirrors  was  used  in  the 
photometer  box,  and  no  appreciable 
trouble  arose  through  colour  differences. 
The  distance  traversed  by  the  ray  from 
the  source  via  the  mirrors  to  the  disc  was 
in  all  cases  235  cms. — i.e.,  the  fittings  were 
tested  at  an  effective  radius  of  7  ft.  8  in. 
It    was    concluded,    after    investigation, 
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that  with  ordinary  symmetrical  globes 
or  reflectors  it  is  sufficient  for  practical 
purposes  to  test  over  one  semicircle  only 
around  the  lamj)  ;  that  is  to  say,  the 
flux  distributions  are  substantially  the 
same  in  all  vertical  hemispheres  described 
about  the  source.  With  asymmetric 
fittings,    such  as  that   shown   in  Fig.  4, 


A  B 

Fig.  3. — Opaline  "  Jena  "  Reflectors. 


readings  must,  of  course,  be  taken  around 
the  complete  circle.  Measurements  were 
made  at  every  ten  degrees  as  a  rule,  and 
at  closer  angular  intervals  when  the  curve 
was  changing  its  shape  rapidly. 

In  connexion  with  the  curves,  it  must 
be  pointed  out  that  the  illuminants,  both 
gas  and  electric,  were  underrun  in  some 
cases.  Thus,  the  mantles  were  usually 
run  at  pressures  between  lb  and  2  in., 
the  object  being  to  investigate  the  effects 
of  the  globes,  &c  ,  on  the  shape  of  the 
intensity  curves  rather  than  to  deteimine 
the  output  of  the  fixture  as  a  whole  in 
terms  of  total  lumens  per  cubic  foot  of 
gas  per  hour  in  ideal  burning  conditions. 

Fig.  2  shows  the  results  given  by  an 
upright    gas    mantle    with    two    opaline 
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Fig.  4. — Polar  Curve  of  Upright  Mantle  with  "  Parabolic  "  Opaline  Reflector. 
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Fig.  5. — Polar  Curve  of   Tungsten    Lamp   with   Aluminium-faced    Steel    "  Paraliolic 
Reflector.     (.\  =  Lamp  with  reflector.     B  =  Bare  lamp.) 
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Fig.  6. — Polar  Curve  of  Tung.sten  Lamp  with 
Mirror  Reflector. 

"  Jeoa  "  reflectors  and  a  6|  in.  "  Normal  " 
clear  glass  chimney,  as  shown  in  Fig.  3. 
In  Fig.  2  the  dotted  curve,  C,  is  that 
of  the  mantle  and  chimney  alone. 
These  reflectors  are  of  very  thin 
material  and  allow  a  fair  proportion  of 
light  to  pass  through  them  into  the  upper 
hemisphere.  The  upwardly  -  pointing 
lobes  of  the  curves  are  due  in  part  to 
transmitted  light  and  in  part  to  light 
•coming  directly  from  the  upper  regions  of 
the  mantle  through  the  clear  chimney. 
The  performance  of  these  reflectors  is  as 
follows  : — 


Ba 

,e  Mantle 

Reflector 

A 

Reflector  B 

lo        

c.p. 
38-4 
34-6 
421 
1-22 

c.p. 
31-8 
39-7 
23-9 

0-60 
17-2 

c.p. 
31-4 

lu   ...::: 

40-8 

I,   ... 

22  0 

Ratio  lu 
Loss  %, 

/I, 

0-54 
18-25 

(I„=mean  spherical  c.p.,  lu  andl,=mean  upper 
and  lower  hemispherical  c.p.  respectively.) 

It  is  somewhat  surprising  that  the  cone 
does  not  give  a  higher  loss  in  comparison 
with  the  shallow  form.  It  was  noted, 
however,   that  the  cone   was  somewhat 


more  translucent  than  the  other  one  and 
this,  no  doubt,  accounts  to  some  extent  for 
its  good  performance. 

An  asymmetric  opaline  "Jena"  reflector 
for  an  upright  mantle,  together  with  its 
polar  curve,  is  outlined  in  Fig.  4.  The 
vertical  height  of  the  reflector,  .when  in 
position  on  the  chimney,  is  6  in.  ;  the 
elliptical  opening  has  axes  6  in.  and 
5  in.  long,  and  makes  an  angle  of  about 
sixty  degrees  with  the  horizontal  plane. 
The  relatively  large  lobe  in  the  right-hand 
upper  quadrant  is  due  to  the  fact  that  the 
maximum  luminous  surface  on  the  closed 
side  of  the  reflector  is  seen  from  the  region 
indicated  by  the  arrow.  The  polar  curve 
of  a  reflector  of  similar  character  for 
electric  lamps  is  shown  in  Fig.  5.  This 
reflector  has  a  practically  circular  opening 
inclined  at  forty-five  degrees  to  the  axis 
of  the  lamp  and  is  made  of  steel  with  a 
frosted  aluminium  inner  surface.  The 
light  of  the  right-hand  hemisphere  is 
thrown  back  so  as  nearly  to  double  the 


Fig.  8. — Increase  in  Candle-power  of   Inverted 

Mantle  by  Employment  of  Globe. 
(A  =  Bare  mantle.     B  =  Mantle  with  clear  glass 
spherical  globe.) 
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Fig.  7. — Polar  Curves  of  Inverted  Mantle  with  Spherical  Globes  of  Increasing  Obscurity. 
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FiQ.  9. — Polar  Curves  of  Upright  Mantle  with  Three  Globes  with  Opal  Flashing. 
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horizontal  intensity  on  the  left  and  give 
a  greatly  augmented  flux  in  downward 
directions  on  that  side. 

Silvered  glass,  although  good  as  a 
reflecting  medium,  has  the  disadvantage 
of  giving  streaky  effects,  in  addition  to 
which  it  is  apt  to  tarnish  unless  of  very 


Fig.  10. 


-Opal  and  Clear  Glass  Globe  for  use  with 
Incandescent  Mantle. 


good  manufacture.  The  streaking  is 
usually  overcome  by  ribbing  or  corru- 
gating the  surface.  The  polar  curve 
of  such  a  reflector  when  used  with 
a  bare  metal  filament  lamp  is  shown  in 
Fig.  6,  and  brings  out  the  intensely  focus- 
ing character  which  is  usually  associated 


with  silvered  glass  and  similar  reflectors. 
It  should  be  borne  in  mind  that  the  shape 
of  the  polar  curve  of  a  focusing  device 
depends,  to  some  extent,  upon  the  dis- 
tance at  which  it  is  tested,  since  some  of 
the  rays  may  be  sent  out  as  a  parallel 
beam  and  some  by  diffuse  reflection. 

Turning  to  globes  or  shades,  the  ideal 
material  for  making  these  is  the  one 
which  becomes  luminous  with  a  maximum 
of  uniformity  and  with  a  minimum  absorp- 
tion of  light.  A  thick  opal  globe  is  good 
in  so  far  as  it  becomes  uniformly  bright 
all  over  and  has  a  low  intrinsic  brilliancy, 
but  on  the  other  hand  the  absorption  loss  is 
great,  and  in  this  respect  it  is  a  bad  globe. 

In  Fig.  7  are  shown  the  results  of  using 
with  an  inverted  mantle  three  spherical 
globes  all  of  the  same  size,  but  having 
different  diffusive  qualities.  The  distri- 
bution of  the  bare  mantle  is  shown  by 
the  dotted  curve,  A.  Globe  B  has  a 
fine  floral  pattern,  the  lines  being  about 
0-5  mm.  wide  and  cut  rather  deeply  into 
a  clear  glass  body.     Globe  C  is  ground  all 
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Fig.  11. — Polar  Curve  of  Inverted  Mantle  with  Opal  and  Clear  "Optic"  Globe. 
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Fig.    12. — Polar   Curve   of   Tungsten   Lamp  in 
Prismatic  Glass  Sphere  for  upright  use. 


adds  very  little  to  the  mean  spherical 
intensity,  but  it  may  be  of  value  in 
circumstances  demanding  a  localised 
bright  patch.  The  percentage  losses  in 
the  above  table  are  apparently  too  low 
for  the  given  materials — obviously  the 
patterned  globe  must  have  absorbed  more 
than  0-8  per  cent,  of  the  light.  The 
explanation  is  found  in  the  higher  tem- 
perature around  the  mantle  produced  by 
the  screening  effect  of  the  globes  as 
compared  with  the  temperature  when 
the  mantle  is  burning  bare.  The  effect  is 
shown  in  Fig.  8.  Curve  A  is  from  a  bare 
mantle  in  practically  the  same  conditions 
as  that  giving  the  curve  A  in  Fig.  7, 
but  when  the  mantle  was  enclosed  by  a 
spherical  clear  glass  globe  the  curve  was 
altered  to  the  form  shown  at  B.     Although 


over  somewhat  heavily,  and  Globe 
D  is  of  thick  white  opal  glass. 
Excluding  the  downwardly -pointing 
extensions,  the  results  show  that 
the  original  curve  is  smoothed  out 
so  as  to  approach  a  circular  form  as 
the  difiusive  obstruction  to  the 
light  becomes  greater.  As  the 
diffusing  medium  becomes  more 
opaque,  more  internal  reflection 
occurs  in  the  globe  and  a  greater 
projiortion  of  light  is  thrown  up- 
wards. Simultaneously  the  loss 
by  absorption  becomes  greater,  ^O 
and  the  surface  of  the  globe 
becomes  more  uniform  in  bright- 
ness. The  performance  of  these  is  7^ 
as  follows  : — 
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Bare. 

Globe  B. 

Globe  C. 
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The  light  below  these  globes  is 
due  in  part  to  the  tip  of  the  mantle 
which  could  be  seen  through  a 
draught  hole  below  the  burner,  and 
in  part  to  the  luminous  effect  of 
the  globe  itself,  the  result  being 
that  the  curve  is  extended  down- 
wards in  the  form  of  an  increas- 
ingly sharp  tooth.  This  exten- 
sion, being   on    the    vertical    axis, 


Fig.  ^'^. — Polar  Curves  of  Tunu'^tcii  Lam])  witli 
Cut  Glass  Sjihere  (H)  and  Clear  Moulded 
Stalactite  (C). 
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Fig.  14. — Polar  Curves  of  Tungsten  Lamp 
with  Bell-shaped  Globes  of  Crackled 
Glass  Iced  on  Outer  Surface. 

the  actual  absorption  in  the  glass  was 
known  to  be  about  6  per  cent.,  the  mean 
spherical  candle-power  has  an  apparent 
increment  of  164  per  cent. 

Fig.  9  shows  the  curve  of  a  bare  upright 
mantle  and  the  modifications  produced 
by  three  flashed  opal  and  flint  globes 
having  opal  zones  of  increasing  depth,  as 
shown  at  the  side  of  the  Figure.  From 
the  lower  parts  of  the  curves  it  is  evident 
that  bringing  down  the  opal  zone  has  the 
effect  of  increasing  the  downward  reflec- 
tion. The  lobes  in  the  upper  hemisphere 
are  due  to  at  least  three  components, 
which  differ  in  magnitude  in  all  three 
specimens.  They  are  :  (1)  light  coming 
directly  from  the  mantle  through  the 
hole  at  the  top  of  the  globe,  (2)  light 
reflected  through  the  hole  from  the  inner 
surfaces  of  the  globe,  and  (3)  light  trans- 
mitted upwards  through  the  opal  material. 
These  curves  show  the  following  results  : — 


Bare 

Globe  A. 

Globe  B. 

Globe  C. 

c.p. 

c.p. 

c.p. 

c.p. 

lo     

38-46 

28-7 

25  1 

28-8 

T, 

34-6 

3.V.5 

32-6 

34-7 

I,    

42-4 

21-9 

17-6 

22-9 

Ratio 

lu/Il     . 

1-22 

0-62 

0-.54 

0-66 

IjOss  %    . 

— 

2.'v4 

34-8 

251 

A  globe  for  use  with  inverted  mantles 
and  having  a  similar  tendency  to  those 
just  dealt  with,  viz.,  downward  reflection, 
is  the  familiar  opal  and  clear  flint 
"  optic "  pattern  shown  in  Fig.  10. 
In  properly  designed  specimens,  the 
opal  cap  extends  down  at  least  far 
enough  to  hide  the  mantle  when  it  is 
viewed  horizontally.  The  ribs  on  the 
lower  portion  are  a  valuable  feature 
in  that  they  break  up  the  elevation  of 
the  mantle  when  it  is  viewed  from  the 
lower  hemisphere  and  thus  reduce  the 
intrinsic  brightness  of  the  source.  The 
curve  for  this  is  shown  in  full  line  in 
Fig.  11,  and  it  is  seen  that  almost  the 
whole  of  the  light  from  the  upper  hemi- 
sphere is  turned  downwards,  giving  a 
well  spread  and  intense  light  below  the 
fitting.  In  the  sample  tested,  the  candle- 
power  vertically  downwards  was  increased 
by  58  per  cent,  and  the  apparent  loss  of 
light  was  only  4  per  cent. 

The  curve  of  a  Holophane  sphere  for 
upright  use  with  electric  lamps  (Fig.  12) 
shows  how  well  it  fulfils  the  object  of 
directing  the  light  downwards.  This 
curve  should  be  compared  with  that 
of  an  ordinary  cut-glass  sphere,  shown 
at  B  in  Fig.  13.  The  cut  sphere  was 
of  substantially  the  same  size  as  the 
prismatic  one  referred  to  above,  but 
by  comparison  with  the  curve  A  of  the 
bare  lamp  it  is  seen  to  have  practically 
no  redirective  influence.  In  fact,  ordinary 
cut  glass  has  few  merits  apart  from 
appearances,  and  the  same  may  be  said 
for  moulded  glass.  Curve  C,  Fig.  13,  is 
given  by  a  moulded  clear  glass  stalactite 
(also  shown),  and  here,  again,  practically 
no  redirection  of  light  occurs. 

Fig.  14  shows  the  curves  for  a  pair  of 


Fig.  15. 


-Polar  Curve  of  Tungsten  Lamp  ancK 
Bead  Fringe. 
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electric  lamp  globes  having  the  shapes 
indicated  to  scale  by  the  sketches.  These 
are  both  made  of  crackled  colom-less  glass 
with  an  iced  surface.  The  effect  of  the 
inturned  lip  of  the  globe  B  is  to  redirect 
much  of  the  light  upwards,  giving  an  aug- 
mented horizontal  and  upward  intensity 


in  comparison  with  the  open  bell  A.  A 
bead  fringe  for  an  electric  lamp  is  shown 
in  Fig.  L5,  together  with  its  polar  curve. 
This  device  is  made  of  blue-white- 
opalescent  glass  beads,  and  is  evidently 
wasteful  in  light,  whatever  may  be  its. 
merits  as  an  article  of  ornament. 


FACTORY    LIGHTING. 


'OME  Notes  on  the  Annual  Eeport  of  the  Chief  Inspector  of  Factories 
AND  Workshops  for  the  Year  1912. 


"  Lighting  in  the  past  has  not  perhaps 
received  all  the  attention  it  deserved,  but 
is  rapidly  becoming  a  more  prominent 
question."  This  sentence  summarises 
the  view  of  the  Factory  Department 
on  matters  of  illumination.  It  is  hoped 
that  the  results  of  the  Departmental 
Committee  on  Industrial  Illumination 
now  sitting  will  be  very  valuable  in 
suggesting  improvements,  but  meantime 
investigations  are  constantly  being  made 
by  the  inspectors  and  useful  experience  is 
being  obtained. 

Lighting  of  Printing  Works,  Docks, 
Potteries,  &c. 

The  Report  makes  reference  to  quite 
a  number  of  instances  of  poor  lighting 
causing  accidents.  Mr.  May  (Dublin) 
mentions  that  he  nearh'  fell  into  a  pit  in 
a  passage  at  a  gas  works  owing  to  the 
defective  illumination.  Mr.  Edwards 
(Cardiff)  mentions  a  case  of  a  coal-trimmer 
walking  along  the  decks  after  dark  and 
falling  through  an  open  hatchway.  A 
fortnight  later  a  second  accident  of  the 
same  kind  occurred  and  the  coroner  ad- 
journed the  inquest  for  a  couple  of  hours 
so  that  the  jury  and  he  could  satisfy  them- 
selves as  to  the  causesof  the  mishap.  Later 
on  in  the  year  yet  a  third  accident  of  this 
kind  occurred.  It  is  evident  that  the 
lighting  of  a  ship  at  the  docks  is  a  vital 
matter,  and  it  may  be  noted  that  in  one 
of  these  cases  "  proceedings  were  taken 
in  respect  of  the  unfenced  hotchway  and 
want  of  lighting." 

Substantially  the  same  remarks  were 
made   by   Mr.   Wilson   of   Glasgow.     He 


points  out  that  a  vast  amount  of  work 
must  necessarily  bu  done  in  the  interiors 
of  ships  lying  at  the  dock  for  loading  or 
repairs  entirely  by  artificial  light.  Very 
often  the  existing  light  is  insufficient, 
and  the  wiring  in  these  circumstances  is 
also  apt  to  be  below  the  proper  standard. 
Among  other  industries  in  which  bad 
illumination  is  prevalent  were  mentioned 
potteries  and  locomotive  works.  Lady 
inspectors  called  attention  to  the  inade- 
quate light  in  a  bookbinding  factory,  and 
in  basement  workrooms  where  the  eye- 
strain is  apt  to  be  exceptionally  severe. 
The  lighting  of  weaving  rooms  (which, 
it  will  be  remembered,  w^ere  the  subject 
of  a  special  investigation  by  Mr.  D.  R. 
AVilson  last  year)  has  also  been  receiving 
attention.  It  is  interesting  to  note  that 
in  an  Appendix  containing  the  agreement 
reached  at  a  recent  cotton-weaving 
conference  it  was  specifically  laid  down 
that  "  passages  and  staircases  shall  be 
effectively  lighted  either  by  natural  or 
artificial   means." 

Lighting  of  Iron  Foundries. 

Mr.  D.  R.  Wilson,  whose  valuable  work 
published  in  the  report  for  1911  we  have 
frequently  had  occasion  to  mention,  again 
contributes  a  special  report  on  the  artificial 
lighting  of  iron  foundries.  Here  insuffi- 
cient light  is  particularly  objectionable 
owing  to  the  danger  of  accidents  being 
caused  by  stumbling  through  the  passage 
from  one  part  of  the  foundry  to  another, 
and  especially  when  handling  molten 
metal.  The  chief  requirement  in  this- 
industry  is  therefore  sufHcient  general 
rather  than  local  illumination. 
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The  chief  characteristics  of  an  iron 
foundry,  from  the  point  of  view  of  lighting, 
are  stated  by  Mr.  Wilson  to  be  as 
follows  : — 

(1)  The  whole  of  the  floor  space  is 
covered  with  very  dull  and  dark  material. 
Measurements  of  the  diffused  reflecting 
power  of  this  surface  indicate  that  only 
about  2  to  3  per  cent,  of  the  incident  light 
is  reflected. 

(2)  The  material  covering  the  floor  is 
of  uniform  colour,  and  there  is  almost 
complete  lack  of  contrast  throughout 
the  room.  There  is,  therefore,  no  surface 
to  serve  as  a  contrasting  background 
for  obstacles,  which  are  often  difficult  to 
distinguish. 

(3)  The  processes  involve  the  produc- 
tion of  much  dust,  and  at  certain  stages 
of  the  work  dense  smoke  is  evolved. 

(4)  Shadows  are  said  to  be  specially 


Dense  shadows  must  also  be  avoided.  It 
is  therefoie  recommended  that  a  number 
of  sources  of  moderate  candle-power 
placed  fairly  high  up  in  the  room  should 
be  preferred  to  a  few  units  of  great  con- 
centrated brilliancy. 

Perhaps  the  most  interesting  feature 
of  Mr.  Wilson's  Report  is  the  concluding 
table  in  which  the  measurements  made 
in  various  factories  are  tabulated  in  a  very 
complete  fashion.  In  some  of  these 
especially  those  lighted  by  gas  flat- flame 
burners,  the  illumination  was  exceedingly 
poor,  and  modern  up-to-date  methods  of 
gas  lighting  should  be  substituted. 

Tentative  Standard  of  General 
Illumination. 

Taking  the  illumination  in  the  hori- 
zontal plane  1  ft.  above  the  floor,  Mr. 
Wilson  classifies  the  factories  visited  as 
follows  : — 


Well  lighted  iron  foundries,  illumination  does  not  fall  below           0-5  f.c. 

Fairlv  0-3 0-4 

Moderately  „             „                    „             „         „     „         „      0-2— 0-3  „ 

Poorly        „  „             „                     „             „         „     „         „      0-1— 0-2  „ 

ijaQiv         5j  J)            )j                   <•            ,,        ,,    ,,        ,,               yj'Z  ,, 


undesirable,  probably  on  account  of  the 
further  reduction  of  the  illumination. 

(.5)  Glare  is  liable  to  result  from  the 
molten  metal  (and  sometimes  from  badly 
shaded  light  sources  placed  too  low), 
with  the  consequence  that  the  eye  is 
temporarily  dazzled,  and  risk  of  stumbling 
is  increased. 

The  constant  blackening  of  the  sur- 
roundings and  the  presence  of  smoke  in 
the  room  tend  to  reduce  the  effect  of 
illumination  considerably  and  fi-equent 
whitewashing  of  the  walls  is  to  be  desired. 


It  would  seem,  therefore,  that  the 
lighting  might  be  deemed  insufficient  if 
the  illumination  falls  below  one-third  of 
a  foot-candle.  It  is  interesting  to  note 
that  this  figure  is  very  close  to  that 
suggested  for  the  lighting  of  main  railway 
platforms  at  a  meeting  of  the  Illuminating 
Engineering  Society  last  year.  This 
would  seem  to  be  a  figure  that  would  apply 
to  many  yards  and  spaces  where  fairly 
large  objects  are  handled  and  a  fair 
general  illumination  is  required  on  the 
ground  of  convenience  and  safety. 


THE   NEED   FOR  GOOD   ILLUMINATION   IN   TRADES 
AFFECTING   THE  EYES. 


Some   Notes   ox   an   Interesting  Report   presented   by  the   Committee   on 
Industrial  Pathology,  appointed  by  the  Royal  Society  of  Arts  in  1855. 


Our  attention  has  been  drawn  to  a  most 
interesting  report  presented  by  a  Com- 
mittee on  Industrial  Pathology  appointed 
by  the  Royal  Society  of  Arts  so  far  back 


as  1855 — at  a  time  when  interior  gas 
lighting  was,  comparatively  speaking,  in 
its  infancy,  and  most  people  were  still 
satisfied  with  oil  lamps  or  candles. 
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The  report  deals  with  the  Preservation 
of  Eyesight.  It  is  a  striking  instance  of 
the  characteristic  enterprise  of  the  Royal 
-Society  of  Arts.  Evidently  even  in  these 
early  days  many  modern  problems  in 
illumination  had  already  made  them- 
selves felt.  For  example,  special  reference 
is  made  to  the  prejudicial  effect  of  glare. 
How  much  more  important  must  this 
matter  be  in  our  present  age  of  brilliant 
illuminants. 

Among  trades  and  industries  that  are 
admittedly  responsible  for  defective  eye- 
sight, Mr.  Dixon,  a  surgeon  to  the  Royal 
Pathological  Hospital,  mentioned  tailor- 
ing, needlework,  dressmaking,  clerical 
work,  boot  and  shoe  making,  and 
engraving.  Workers  in  these  trades 
suffer  severely  through  insufficient  and 
unsteady  light.  Among  weavers  also 
failure  of  sight  from  over  use  of  the  eyes 
w^as  found  to  be  common  owing  to 
insufficient  lighting  of  their  work  rooms 
in  the  evening. 

Among  those  who  suffer  from  excess  of 
light  in  the  form  of  glare  from  furnaces, 
&c.,  he  mentions  glass  blowers,  smelters, 
and  assayers.  There  are  other  operators 
(metal  burners,  mill  stone  drawers, 
smiths,  and  masons)  who  are  exposed  to 
the  risk  of  mechanical  injury  from 
particles  of  grit  or  metal.  In  these  trades 
the  use  of  goggles  equipped  with  wire 
gauze  is  recommended. 

Reference  was  also  made  to  the  strain 
of  printing  work  on  the  eyes.  This  had 
already  led  compositors  to  devise  shades 
which  they  often  made  for  themselves  out 
of  cardboard  and  fixed  on  the  benches. 
Several  of  those  who  gave  evidence  shared 
the  impression  that  red  rays  are  apt  to  be 
trying  to  the  eyes,  and  blue  glass  goggles 
are  recommended  as  a  means  of  mitigating 
this  efTect.  It  is  also  suggested  that 
needlewomen  would  find  it  advantageous 
to  change  the  colour  of  the  work  as 
frequently  as  possible.  Constant  work 
on  one  colour,  it  is  suggested,  is  apt  to  be 
trying  to  the  eyes,  and  the  best  colour  for 
the  surroundings  is  gi*een. 

Stress  was  laid  on  the  effect  of  heat 
from  the  illuminant.  Charcoal  fires  were 
considered  pernicious  in  this  respect. 
Spectacles  which  were  found  to  be  bene- 
ficial by  daylight  were  sometimes  found 
inconvenient    by    gaslight   owing    to    the 


glass  being  heated  by  the  near  proximity 
of  the  light.  (It  must  be  remembered 
that  this  refers  to  the  early  days  of  flat 
flame  burners.) 

The  illuminated  sign  was  unknown  in 
those  days,  but  the  custom  of  decorating 
shop  fronts  with  broad  plates  of  glass 
which  reflected  the  sunlight  and  caused 
glare,  is  spoken  of  with  disapproval. 

Mr.  White-Cooper,  surgeon  to  St. 
Mary's  Hospital,  gave  evidence  on  the 
eye  strain  through  deficiency  of  light. 
During  nine  years  1,320  cases  of  over- 
straining of  the  eyes  (mainly  among 
tailors,  shoemakers,  and  needlewomen) 
came  under  his  notice.     He  observes  : — 

"  The  classes  of  persons  who,  according  to  my 
experience,  suffer  from  this  (i.e.,  deficiency  of 
hght)  in  the  greatest  degree,  are  tailors,  semp- 
stresses, glove  makers,  and  worker.}  with  the 
needle  generally,  who  follow  their  occupation  in 
ill-lighted  and  ill-ventilated  rooms.  The  strain 
upon  their  eyes  is  great  under  ordinary  circum- 
stances, but  especially  so  when  they  have  to 
work  on  black  materials.  For  instance,  I  have 
invariably  found  that  a  general  mourning 
increased  the  number  of  applicants  for  relief 
at  the  Ophthalmic  Institutions  to  which  I  am 
attached." 

Thus  we  see  that  the  modern  conten- 
tion, that  dark  materials  require  a  greater 
illumination  than  light-tinted  ones,  was 
fully  recognised. 

Mr.  White-Cooper  wound  up  his 
evidence  with  the  following  remarks  : — 

"It  has  been  already  stated  that  insufficient 
light  and  bad  ventilation  are  bad  sources  of 
mischief.  These  will  doubtless  de<Tease  as 
improvements  in  the  dweUings  of  the  poor 
become  more  general,  for  the  sufferers  are 
mostly  the  inhabitants  of  miserable  dark  rooms, 
the  windows  of  which  are  often  purposely 
fastened  u]),  and  the  ai)ologies  for  panes  of  glass 
so  begrimed  with  filth  that  hght  can  scarcely 
enter.  It  must,  however.  b(^  borne  in  mind 
that  the  evil  of  bad  ventilation  ai)plies  e(|ually 
to  the  great  rooms  in  which  large  numbers  of 
workpeople  are  congregated  together.  It  is  in 
the  power  of  proprietors  of  establishments  of 
thi.s  description  to  prevent  serious  mischief  to 
the  eyes  of  those  in  their  emi)loyment  by  making 
due  j)rovision  for  ventilation,  and  by  carrying 
out  such  suggestions  as  those  contained  in  this 
report  as  to  the  character  and  ])osition  of  the 
lights  in  the  rooms.  It  would  be  easy  and 
inexpensive  to  arrange  them  in  such  a  manner 
that  the  illumination  would  be  good,  and  the 
workpeople  not  distressed  by  heat  and  glare. 
The  vigour  and  energy  witli  which  work  would 
be  carried  on  in  cool,  wt-ll-lightcd.  wcll-venti- 
lated  i»)>artinents.  would  satisfactorily  i)rove 
that  attention  to  such  jioints  would  he  as  con- 
ducive to  the  i!iterest-<  of  the  em]ilnyer  as  to  the 
health  and  comfort  of  the  employed." 
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The  Committee,  as  a  result  of  that 
inquiry,  made  a  number  of  recommenda- 
tions, bearing  on  lighting,  nameh'  : — 

"  That  the  folloiving  suffer  from  deficiency 
of  light,  viz.,  dressmakers,  sempstresses, 
cobblers,  and,  in  fact,  all  ivho,  having  to 
direct  the  needle  to  a  definite  spot,  are 
unable  to  command  the  requisite  amount  of 
direct  illumination. 

"  That  the  ill  effects  of  deficiency  of  light 
are  much  aggravated  by  working  long  on  the 
same  material  or  colour.  The  remedies  for 
this  and  the  foregoing  evil  are.  increase  of 
light  and  variety  of  work. 

"  That  flickering  of  light  is  a  great  evil, 
which  is  felt  much  by  compositors  and  all 
who  ivork  at  minute  objects  by  gas  illumina- 
tion. The  simple  remedy  for  this  is  the 
employment  of  glass  chimneys. 

"  It  seems  improper  that  an  equal  quantity 
of  artificial  light  should  fall  on  the  \i)ork 
and  on  the  eyes  of  the  tvorhnan.  If  that 
is  the  case  the  latter  become  over-strained. 


"  This  evil,  when  it  occurs,  is  easily 
obviated  by  shades  to  the  light,  which 
defend  the  eye,  and  throw  the  illumination 
on  the  required  object.  The  shades  should 
be  made  of  ivhite  or  light  coloured  material, 
so  as  to  reflect  as  much  light  as  possible. 
Ground  glass  bettveen  the  light  and  the 
worker  is  injurious,  by  intercepting  and 
diffusing  the  illumination  instead  of 
directing  it  on  the  object. 

''It  seems  doubtful  ichether  heat  and  cold 
have  much  ill  influences  over  the  healthy 
eye  ;  but  when  it  is  in  a  iveak  irritated 
condition,  there  is  no  doubt  hut  that  they 
are  injurious.'' 


This  early  appreciation  of  so  many- 
essential  points  in  good  lighting  forms 
an  important  precedent  and  makes  it 
difficult  to  refuse  recognition  to  the  claims 
of  Kood  illumination  to-day. 


ILLUMINATION  PROBLEMS  IN  THE  CINEMATOGRAPH 

THEATRE. 


A  SHORT  time  ago  a  paper  on  this  subject 
was  read  by  Mr.  J.  Frank  Martin  before 
the  Pittsburgh  section  of  the  Illuminating 
Engineering  Society. 

Seeing  that  there  are  estimated  to  be 
more  than  20,000  picture  palaces  in 
America,  the  problem  is  an  important 
one.  The  loss  of  light  in  the  projection 
apparatus  is  very  high  and  the  author 
finds  that  the  illumination  of  the  screen 
rarely  exceeds  04  foot-candle.  Any 
increase  that  can  be  secured  in  these 
circumstances  has  a  considerable  effect 
on  the  eye  and  renders  the  picture  dis- 
tinctly more  easy  to  distinguish. 

Improvements  in  the  source  of  light 
have  followed  two  distinct  lines.  Experi- 
ments have  been  made  with  20  amp. 
flame  arcs,  and  an  increase  in  efficiency 
of  60  per  cent,  is  said  to  have  been 
obtained  ;  right  angle  alignment  of 
carbons  is  preferred.  Another  possible 
development  is  th?  use  of  small  overrun 


tungsten  lamps  which  can  be  placed 
verv  near  the  lens.  It  will  be  recalled 
that  great  claims  in  this  direction  were 
recently  made  by  M.  Dussaud. 

On  the  whole  the  best  definition  seems 
to  be  obtained  from  plate  glass  screens 
coated  with  a  fine  white  mat  deposit.  It 
is  difficult  to  make  aluminium  powder 
screens  to  show  up  the  image  to  the 
audience  at  the  sides  of  the  room  although 
a  marked  improvement  in  brightness 
may  be  secured  directly  in  front.  White 
oil-cloth  stretched  on  a  rigid  frame 
is  less  durable  but  quite  good  op- 
tically. 

The  intensity  of  illumination  in  the 
auditorium,  Mr.  Martin  suggests,  should 
be  graduated  from  the  screen  outward 
from  about  0-2  foot-candle  to  1  foot- 
candle  at  the  back  where  people  are 
constantly  entering.  It  is  of  comse  very 
vital  in  these  darkened  rooms  to  avoid 
anything  in  the  natm'e  of  glare. 
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THE  ANNUAL  CONGRESS  OF  THE  ROYAL   INSTITUTE 
OF   PUBLIC   HEALTH, 

(Held    in    Paris,    May    14th-19th,    1913.) 
Some  Notes  on  the  Papers  dealing  with  Illumination. 


Most  of  the  papers  at  this  Congress 
touching  on  illumination  fell  within  the 
special  section  on  industrial  hygiene 
presided  over  by  Sir  Thomas  Oliver. 
But  in  many  of  the  earlier  papers  the 
importance  of  abundant  light  and  air, 
both  in  the  workmen's  dwellings  and  in 
the  crowded   cities,   was  emphasised. 

Eyestrain  in  the  Navy. 

In  the  section  devoted  to  naval  and 
military  hygiene.  Fleet  Surgeon  W.  N. 
Whitelegge  dealt  with  causes  of  eyestrain 
in  the  navy.  Such  eyestrain  may  be 
ciliary,  retinal,  or  muscular.  The  chief 
causes  are  glare  from  the  sea,  constant 
living  below  deck  under  artificial  light, 
inconvenient  situation  of  lamps,  and 
want  of  proper  shades  ;  also  taxing  the 
eyes  on  look-out  work,  and  fatigue 
through  constant  use  of  optical  instru- 
ments,   telescopes,    periscopes.    &c. 

As  remedies  for  this  prevalent  eye- 
strain Dr.  Whitelegge  suggests  more 
frequent  examination  of  the  eyes,  avoid- 
ance of  too  prolonged  work  with 
instruments,  and  improved  conditions 
in  artificial  light.  In  this  last  respect, 
at  least,  much  remains  to  be  done. 

Miners'    Nystagmus    and    Defective 
Illumination. 

We  have  often  referred  to  the  sugges- 
tion that  this  defect  of  vision  is  caused 
by  poor  lighting  in  mines.  At  the 
Congress  a  paper  was  read  by  Dr.  S.  M. 
Murray  who  takes  the  same  view.  "  At 
the  present  time,"  he  says,  "  it  is  becoming 
more  and  more  apparent  that  the  absence 
of  light  is  the  main  point  in  determining 
the  onset  of  nystagmus."  A  paper  by 
M.   Aubrun  was  also  read  on  this  subject. 

The  Hygiene  of  Vision. 

Dr.  A.  Broca,  in  his  paper  on  the 
Hygiene  of  Vision,  discussed  the  illumin- 
ation required  by  the  eye.  It  is  only 
rarely  that  the  actual  brightness  of 
illuminated    objects    will    be    excessive. 


The  normal  pupil  aperture  of  the  eye 
is  6  mm.  in  diameter,  and  an  illumination 
on  a  white  surface  of  even  200  lux  (approx. 
20  foot-candles)  does  not  cause  any  ap- 
preciable contraction.  But  the  glare 
from  brilliant  sources  of  light  does  do 
so,  and  Dr.  Broca  suggests  a  minimum 
intrinsic  brilliancy  of  1  cp.  per  sq.  inch. 

As  regards  the  amount  of  illumination 
necessary  for  reading,  &c.,  he  finds  that 
the  eve  is  giving  the  maximum  output 
with  an  illumination  of  50  lux  (approx. 
5  foot-candles) ;  but  with  20  lux  (2  foot- 
candles  approx.)  quite  a  good  result  is 
already  obtained .  This,  of  course,  implies 
a  white  surface  :  with  very  dark  materials 
as  much  as  500  lux  may  be  necessary. 

For  general  illumination,  where  the 
light  is  merely  needed  for  convenience 
to  show  up  surrounding  objects,  10 
lux   was    considered    sufficient. 

Lighting  as  a  Health  Factor  in  Occu- 
pation AND  Its  Influence  on  the 
Prevention  of  Industrial  Accidents. 

Mr.  L.  Gaster,  who  acted  as  a  Vice- 
President  of  the  Section  on  Industrial 
Hygiene  and  as  a  delegate  of  the  Illumi- 
nating Engineering  Society,  opened  a 
discussion  on  the  above  subject  on 
lines  which  will  be  familiar  to  readers  of 
the  journal.  Special  mention  was  made 
of  the  important  work  before  the  Govern- 
ment Committees  on  industrial  lighting 
in  France  and  England. 

Mr.  Gaster  finally  exhibited  side  by 
side  the  British  illumination  photometer 
used  in  the  Home  Office  tests  and  a 
similar  instrument  designed  by  Prof. 
Blondel  in  Paris.  He  showed  that  sub- 
stantially the  same  results  were  obtained 
in  both  cases,  and  remarked  that  the 
measurement  of  single  illumination  would 
not  be  regarded  as  quite  a  simple  and 
practicable  process. 

Readers  who  desire  further  details  of 
this  Congress  may  refer  to  a  report  in 
the  Journal  of  the  Royal  Society  of  Arts 
(June    6th,    1913.) 
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THE    INFLUENCE 


OF    ELECTRICITY 
AND    DESIGN. 


ON     PLANNING 


{Abstracted  jrom  a  recent  article  in  "  The  Journal  of  the  Society  of  Architects." 


A  WRITER  in  The  Electrical  Times 
some  months  ago  suggested  that  if  it  is  a 
fact  tliat  every  religion  has  evolved  its 
own  distinctive  style  of  architectiue, 
such  a  potent  force  as  electricity  ought  to 
leave  a  heavy  imprint  on  architecture 
generally,  and  some  particularly  on  the 
planning  and  design  of  domestic  and 
commercial    buildings. 

What  has  electricity  done  to  change 
their  form  ?  What  will  it  further  do  ? 
are  the  questions  he  asks,  and  answers 
them  by  saying  that  the  conservatism 
of  both  architect  and  householder  is  so 
deep-rooted  that  little  or  nothing  has  been 
done  in  the  smaller  type  of  house.  Take 
artificial  lighting,  for  instance.  Is  it 
not  monstrous  when  one  comes  to  think 
of  it,  that  the  means  of  rendering  an 
interior  visible  should  be  left  out  of  the 
reckoning  when  the  interior  is  first 
fashioned  and  adorned  ?  What  do  we  find 
in  the  case  of  natural  lighting  ?  From 
sunrise  to  sunset  we  require  daylight, 
and  the  ancient  architect  concentrated 
the  best  that  was  in  him  upon  the  fashion- 
ing of  a  window  ;  he  gave  it  many  forms 
and  adornments  on  it,  until  the  window 
in  itself  typified  the  school  of  the  archi- 
tect without  need  for  further  enlighten- 
ment. That,  however,  was  in  the  good 
old  times  when  architects  were  born 
geniuses.  Nowadays  we  make  men  archi- 
tects by  a  sort  of  standardising  process. 
To  see  the  result,  walk  through  the 
principal  streets  of  London  any  day. 
Every  one  of  those  buildings  is  the  work 
of  a  trained  and  experienced  man, 
mighty  seldom  of  a  genius,  hence  one 
looks  not  for  imagination.  Now  un- 
alloyed experience  did  not  fashion  the 
horseshoe  arch  or  the  Doric  style  ;  it 
nev^r  designed  a  new  feature  for  new 
conditions  except  by  copying  or  adapting 
something    already    experienced.     Hence 


we  may  have  to  look  quite  a  long  time  for 
the  influence  of  electricity  on  architecture. 

Light  creates  the  surroundings  for 
man's  eye,  just  as  much  as  nourishment 
supports  man's  body. 

"  But,"  one  hears  the  practised  archi- 
tect objecting,   "  show  me  where  is  the      J 
room    for    me    to    spread    my    bursting     "" 
imagination.     I  can  sea  absolutely  nothing 
in  electric  lighting,  cooking,  or  heating 
to  alter  my  plans." 

Yet  the  architect,  to-day,  is  prepared 
to  sacrifice  considerations  of  prime  im- 
portance in  order  to  indulge  his  fancy. 
The  proposed  rebuilding  of  Kegent  Street 
is  quoted  as  a  case  in  jioint.  The  opinions 
of  the  Regent  Street  shopkeepers  con- 
cerning the  proposed  plans  were  very 
antagonistic  to  them,  "'  Useless  lumps 
of  stone  occupying  useful  space,"  says 
one.  "  Everything  depends  on  the  run 
of  the  eye,"  says  another.  Another 
remarks  that  from  certain  points  of  view 
a  spectator  would  see  nothing  at  all  but 
stone,  and  so  on.  Well,  here  is  the 
architect  deliberately  outraging  the  first 
desideratum  of  this  special  type  of 
building,  and  he  does  it  in  the  name  of 
his  sacred  imagination.  The  illumina- 
ting engineer  and  the  window-dressing 
artist  should  enter  a  joint  protest.  These 
frontages,  if  they  are  to  attract,  should 
be  an  array  of  sweetness  and  light, 
reflecting  a  cheerful  illumination  from 
jewellery,  hats,  feathers,  and  fabrics  on 
to  the  crowd  of  window-gazers  that  pass 
by.  And  has  it  occurred  to  the  architect 
that,  by  means  of  an  inverted  moidding, 
even  his  columns  might  be  illuminated  ? 
It  must  be  remembered  that  the  night 
display  is  often  everything  ;  other  con- 
siderations must  bow  to  it.  There  is  the 
reflected  lighting  of  the  frontages — or 
direct  lighting  specially  accommodated  ; 
there  is  cornice  and  detail  lighting  over 
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the  counler.s  ;  display  effects  should  be 
studied  outside  in  the  stone  galleries, 
they  have  a  far-raaching  appeal.  How 
will  the  first  or  second-floor  windows  have 
regard  to  the  public  lighting  outside  ? 
There  are  possibilities  in  these  fine  shops 
for  some  exquisite  dreams  in  the  way  of 
indirect  lighting — relieved,  perhaps,  by 
exposed  lights  here  and  there. 

It  is  not  always  indirect  lighting  that 
has  to  be  provided  for,  though  generally  it 
will  now  prevail.  Suppose,  for  instance, 
that  it  became  essential  in  any  one  case  to 
imitate  the  stalactite  roof  effect  of  the 
Alhambra.  The  architect  would  do  so, 
but  would  he  provide  means  for  setting 
an  electric  jewel  in  each  of  those  pro- 
truding mouldings  ?  Of  course  he  would 
not. 

The  lighting  would  be  an  afterthought, 
consequently  this  ideal  method  of  treating 
such  a  special  case  would  have  to  be 
abandoned. 


There  are  many  other  points  and 
possibilities  that  the  architect  would  do 
well  to  ponder  over,  there  are  ideas  that 
the  electrical  engineer  unaided  cannot 
develop,  such  as  concealing  the  source  of 
artificial  illumination. 

Then  again,  shall  we  always  have  point 
lighting  or  even  lighting  from  concealed 
points  ?  Might  not  tubular  lighting 
affect  designs  if  it  came  into  fashion  ? 
Suppose  a  mercury-vapour  type  of  lamp 
with  a  good  spectrum  and  a  remarkably 
high  efficiency  were  invented.  This 
might  alter  the  case  again. 

It  is  always  assumed  that  the  source 
of  artificial  lighting  must  be  placed 
internally.  But  there  is  a  type  of  build- 
ing which  has  made  everything  else 
subservient  to  window  surface  with  a 
view  to  obtaining  every  possible  c.p.  of 
natural  daylight.  In  such  a  case  it 
might  sometimes  be  preferable  to  place  the 
source  of  artificial  light  externally  also. 


ILLUMINATION:    THE   COMING   QUESTION. 


It  is  very  interesting  to  notice  how  a 
subject  will  suddenly  advance,  appa- 
rently out  of  nowhere,  right  to  the 
front  line  of  public  interest.  The 
process  seems  mysterious,  but  it  is 
generally  the  natural  result  of  a  long 
series  of  causes. 

For  instance,  in  tlie  case  of  efficient 
illumination  of  factories,  a  body  of 
men  worked  hard  for  several  years  to 
build  up  the  new  applied  science  of 
illuminating  engineering.  Nobody  paid 
very  much  attention  to  them  for  a  long 
time.  They  were  looked  upon  as 
people  who  were  making  a  complex 
technical  fuss  out  of  a  simple  matter 
of    common    sense.     Nevertheless,    they 


persisted,    and    in    time    they    overcame 
the  inertia  of  old-fashioned  opinion. 

Once  the  effect  began  to  be  visible 
it  continued  at  an  accelerated  rate. 
First  there  was  a  special  report  by  a 
Home  Office  official  on  industrial  illu- 
mination ;  then  came  the  appointment 
of  a  Home  Office  Committee  on  the 
subject ;  and  during  last  month  three 
papei's  on  the  subject  were  read  l)efore 
the  Manchester  Association  of  Engin- 
eers. The  fact  that  industrial  lighting 
has  now  been  recognised  as  a  prominent 
practical  problem  is  a  result  of  persistent 
missionarv  effort. — Electrics,  Fel)ruary, 
191.3. 
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SHORT  NOTES  ON 
ILLUMINATING  ENGINEERING. 


Recent  Progress  in  the  Moore 
Light. 

Wk  notice  (Z.  /.  B.  May  30th)  an  in- 
teresting accoimt  of  some  new  patents 
and  suggested  improvements  in  the  Moore 
light.  As  is  well  known  the  three-phase 
system  has  been  somewhat  widely  used 
with  this  illuminant,  because  the  flicker 
effect  caused  by  the  cyclical  variation 
in  the  current  are  neutralised  in  this 
way.  But  there  are  often  cases  where 
it  would  be  desirable  to  make  the  three 
secondary  phases  entirely  independent, 
so  that  each  can  be  used  for  a  different 
room  and  turned  on  and  off  without 
affecting    the    others. 

An  ingenious  method  of  meeting  this 
requirement  has  been  devised.  The 
transformer  is  specially  wound,  the 
primary  winding  being  in  '"  mesh  "  while 
the  secondary  is  a  "  star  "  connection. 
In  addition  the  transformer  is  provided 
with  a  magnetic  short  circuit  for  the 
primary  phases.  This  consists  of  alter- 
native iron  cores  to  the  transformer 
which  can  be  introduced  so  as  to  divert 
the  magnetic  flux  from  either  windings, 
thus  making  one  phase  inoperative  with- 
out affecting  the  lines  of  force  going 
through  the  others. 

Another  patent  bears  on  methods  of 
increasing  the  secondary  voltage. 
Hitherto   it   has   been    usual    merely   to 


apply  the  ordinary  secondary  pressure 
to  the  transformer.  But  it  is  now 
proposed  to  introduce  a  resonance  effect 
and  a  spark  gap  so  as  to  superimpose 
over  the  ordinary  pressure  a  discharge 
having  any  desirable  curve.  By  altering 
the  nature  of  this  curve  of  discharge  it  is 
said  to  be  possible  to  accentuate  certain 
lines  in  the  spectrum  of  the  gas  and  thus 
to  alter  the  colour  of  the  illuminant 
within  considerable  limits. 

Another  possible  result  of  this  device 
is  the  use  of  electrodes  outside  the  tube 
(v\hich  have  the  effect  of  condensers). 
This  would  have  the  great  advantage 
of  stopping  the  absorption  of  gas  by 
interior  electrodes,  and  therefore  render- 
ing unnecessary  the  valve  which  is  used 
to  keep  the  gaseous  conditions  constant. 
The  method  is  also  favourable  to  the  use 
of  other  gases  such  as  Neon  and  Ciyptou  ; 
it  is  said  that  the  proposed  arrangement 
alters  the  colour  of  the  former  gas  sub- 
stantially, some  green  lines  appearing  in 
the  spectrum  so  that  a  light  of  rose 
colour  instead  of  the  usual  orange  would 
be    obtained. 

The  absence  of  interior  electrodes 
also  renders  possible  the  use  of  mixtures 
of  gas.  It  is  hoped  by  the  use  of  smaller 
quantities  of  Neon  and  Hydrogen  and 
Mercury  Vapour  to  obtain  highly  novel 
colour  effects. 
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The  Light  that  (nearly)  Failed. 

When  is  a  lamp  alight,  and  when  is  it 
out  ?  This  palpitating  question,  in 
the  form  of  a  constable,  recently  over- 
took a  cycling  friend  of  ours  who  had 
over-estimated  the  staying  powers  of 
his  battery  head-light.  The  law  states 
no  minimum  candle-power,  the  culprit's 
definition  is  naturally  elastic.  A  sullen 
glow,  somewhat  darker  than  a  red-hot 
hairpin,  was  all  that  the  lamp  exhibited  ; 
the  result  of  prolonged  argument  was  a 
reference  to  the  police  inspector  at 
headquarters.  Arrived  at  the  portals 
of  justice,  the  constable  reported  that 
the  lamp  was  to  all  intents  and  purposes 
extinguished,  also  that  it  was  cold.  It 
is  here  that  we  see  the  policeman's  lack 
of  discretion  in  not  having  attached 
the  incriminating  piece  of  evidence. 
Had  he  carried  it  himself  to  the  .station, 
he  might  possibly  have  demonstrated 
that  the  lamp  was  both  cold  and  prac- 
tically extinguished.  As  it  was,  be 
could  only  prove  that  it  was  cold.  For 
the  primary  battery  was  of  a  type  that 
paitl}'  recuperates  when  inverted,  the 
electrolyte  then  covering  the  plates, 
and  our  friend  the  cyclist  had  held  his 
lamp  upside  down  all  the  way  to  the 
police    station. 

The  answer  to  the  qu3stion  first  pro- 
pounded seems  to  be  that  a  lamp  is 
alight  so  long  as  any  glow  at  all  is  dis- 
cernible. For  the  inspector,  who  had 
an  amateur  knowledge  of  electric  bat- 
teries, was  curious  to  know  more 
about  the  miraculous  revival  that  had 
evidently  taken  place,  and  the  prisoner 
thereupon  exhibited  the  lamp  and 
battery  in  all  stages  of  animation  and 
decline.  The  constable  protested  that 
the  bright  light  shown  on  arriving  at 
the  station  was  absent  when  the  arrest 
took  place.  Exhibiting  the  fdament 
at  a  dull-red  glow,  the  culprit  asked  if 
that  represented  the  status  quo  ante. 
The  constable  readily  acquiesced. 
"  Well,  then,  the  lamp  wfis  not  totally 
extinguished,"  urged  the  prisoner.  The 
constable  asserted  that  such  drill jiess 
was      legal      extinction.     Rut      the     in- 


spector hastened  to  disclaim  respon- 
sibility for  any  such  interpretation  of 
the  law ;  either  the  lamp  was  alight, 
or  it  was  not  alight.  As  tha  policeman 
admitted  that  it  was  alight,  the  prisoner 
was  discharged  without  a  stain  on  his 
character. — Meteor,  Electrical  Times, 
May  15. 


Lighting  on  the  Beach  at  the 
Seaside. 

An  enterprising  step  is  stated  to  have  been 
taken  by  the  Felixstowe  Electricity 
Company,  who  have  arranged  to  supply 
current  to  the  tents  on  the  beach,  both 
for  lighting  and  boiling  kettles,  &c.,  at  a 
fixed  charge  of  10s.  for  the  summer 
season.  No  meters  are  to  be  installed, 
and  customers  can  use  the  current  when 
and  how  they  please.     A  novel  propo-sal  ! 


Illumination  Arrangements  at  the 
Panama  Canal. 

The  American  papers  are  full  of  the 
lighting  arrangements  to  be  made  at 
the  Panama  Exposition.  These  are  to 
be  on  an  unprecedented  scale.  Over 
£10,000,  it  is  stated,  has  been  spent  on 
experiments  with  cut-glass  fittings 
designed  to  reflect  coloured  searchlight 
beams  and  give  a  vivid  "  jewel-like  " 
effect.  Another  feature  will  be  the 
illumination  of  some  of  the  courts  by 
means  of  playing  fountains  in  which 
powerful  arc  lamps  are  concealed,  the 
spray  from  the  fountain  acting  as  a 
distributor  of  light. 

In  the  lighting  of  the  colonnades  and 
interiors  of  buildings  indirect  lighting  of 
various  hues  is  to  play  an  important 
part.  It  is  understood  that  the  rather 
commonplace  system  of  outlining  build- 
ings in  glow  lamps  will  be  superseded 
by  more  ingenious  methods,  involving 
the  illumination  of  the  surfaces  by  con- 
cealed lights. 
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SOME    ANCIENT    LAMPS. 


About  this  time  last  year  we  published 
an  account  of  the  wonderful  collection 
of  old  lamps  in  the  possession  of  Mr.  J.  W. 
Johnstone,  of  Hendon.  By  the  courtesy 
of  Herr  A.  Bosenberg.  we  are  now  able  to 
describe  a  few  lamps  from  the  museum  of 
his  firm  in  Dresden,  which  were  shown  at 
the  International  Congress  on  Hygiene 
last  year. 

Figs.  1  and  2  are  old  lamps  of  clay, 
used  for  liquid  oil  and  fat  in  the  past  ages. 
Fig.  3  is  said  to  be  a  reproduction  of  the 


show  the  beginning  of  illuminating 
engineering.  It  consists  of  a  wooden  base, 
having  mounted  on  it  a  porcelain  plate 
to  serve  as  a  screen.  (Even  the  oil  lamps 
of  that  day,  it  will  be  noted,  were  felt  to 
require  screening  !)  The  porcelain  plate 
carries  a  pictui'e  of  Faust  embracing 
Marguerite,  with  Mephistopheles  in  the 
background. 

Fig.  7  is  merely  an  old  miner's  lamp, 
consisting  of  a  zinc  receptacle  with  a  small 
canister  of  rape  oil  inside. 


Fig.  8. — Old  form  of  oil  lamp,  acting  as  a  clock. 


Fk;.  9.— Oil  lamp  of  18th  century.  Note  the 
.shade,  marking  the  introduction  of  more 
scientific  methods. 


famous  seven-limbed  candlesticks  des- 
cribed by  Moses  and  often  mentioned  in 
the  Old  Testament,  and  used  by  the 
priests  in  the  temple  at  Jerusalem.  Three 
of  the  lights  burned  by  day,  the  whole 
seven  by  night.  After  the  destruction  of 
Jerusalem  Titus  carried  away  to  Rome 
a  gold  lamp  of  this  kind  valued  at  40.000 
marks    (about    £2,000). 

Fig.  5  is  a  Jewish  '"  Chanucka  "'  lamp, 
also  used  in  worship,  and  similar  to  manv 
lamps  employed  by  the  Hebrews  for 
ceremonial  purposes  to-day. 

Fig.  4  is  a  specimen  of  the  old  orna- 
mental Roman  lamps.     Fig.  6  seems  to 


The  two  lamps  shown  above  (Figs.  8  and 
9)  are  oil  lamps.  Fig.  8,  made  of  tin,  also 
served  as  a  clock.  The  pear-shaped  oil- 
holder  was  made  of  glass  and  marked 
with  stripes  indicating  the  hours.  The 
falling  level  of  the  oil  showed  how  the  time 
passed  by.  Fig.  9  is  a  more  recent  oil  lamp 
dating  from  about  the  middle  of  the 
eighteenth  century.  The  screening  of 
the  flame  from  the  eye  quite  resembles  the 
method  used  with  modern  forms  of  lamps, 
and  marks  the  beginning  of  the  more 
scientific  use  of  light — which,  unfor- 
tunately, was  too  often  synchronous  with 
a   decline  in  artistic  effect. 
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Fig.  1. — Ancient  Egyptian  clay  lamp. 


Fig.  2. — Old  clay  lam[>  in  form  of  a  shoe. 


Fig.  5. — C'haniicka  temple  oil  lamj) 


Fici.  3.--Reprodiieti()n   of    sacred  seven -limbed 
temple  lamp. 


Fig.    6. — Wooden   stand    lamp    with    porcelain 
screen. 


Fig.  4. — Decorative  IU)m  in  lamp  in  bronze. 


Fig.    7. — Priniitivc   miner's    lamp. 
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REVIEW   OF  THE  TECHNICAL   PRESS. 


ILLUMINATION  AND  PHOTOMETRY. 

The  majority  of  contributions  on  illumin- 
ation and  photometry  this  month  have 
appeared  in  German  jDeriodicals.  Quite 
a  number  of  papers  on  photometry 
were  presented  at  recent  n:ieetings  of 
the  Gernian  Illuminating  Engineering 
Society. 

E.  Brodhfn  (E.  T.  Z.)  gives  a  general 
summary  of  the  position  in  standards 
of  light.'^  Martens  (L.  u.  L.,  June  19th), 
discusses  the  interesting  problem  of 
diminishing  illumination  according  to  a 
fixed  law.  It  is  a  curious  fact  that  there 
are  few  convenient  and  trustworthy 
methods  of  altering  the  illumination 
derived  from  a  distant  source,  except 
by  moving  the  photonieter  further  away 
and  using  the  inverse  square  law. 

The  use  of  dark  glasses  is  sometimes 
attempted,  but  is  rather  a  makeshift 
device,  while  other  methods  such  as  the 
vise  of  nicol  prisms  and  the  rotating 
sector  can  hardly  be  conveniently  used 
in  practice.  The  great  majority  of 
photometric  measurements  are  made 
on  the  basis  of  the  inverse  square  law. 
The  cosine  law  is  also  occasionally 
utilised,  but  is  less  trustworthy.  One 
method  referred  to  by  Martens  as  having 
possibilities  is  as  follows  :^One  may 
produce  a  imiformly  illuminated  surface 
and  then  obscure  it  to  a  greater  or  less 
degree  by  some  form  of  adjustable  shutter. 
For  this  purpose  the  inside  of  an  Ulbricht 
globe  has  been  employed  ;  but  for 
approximate  work,  as  in  the  case  of  the 
Holophane  Lumeter,  a  less  elaborate 
method  of  using  this  principle  is  prefer- 
able. 

B.  MONASCH  points  out  some  deficiencies 
in  the  information  commonly  furnished 
on  lamps  and  reflectors  used  for  auto- 
mobiles. The  consumption  of  gas  or 
electricity  is  rarely  stated  and  the  figures 
given  for  the  candle-power  are  often 
decidedly  vague. 

W.  VoEGE  continues  his  able  series 
of  articles  in  Licht  und  Lampe  dealing 
with  the  radiation  of  artificial  illuminants 
compared  with  daylight.  Previous 
articles  have  dealt  mainly  with  colour 
and  the  visible  rays  und  he  now  passes 
on    to    the    ultraviolet    rays    and    heat 


radiation.  On  the  fonner  point  he 
quotes  researches  made  by  Bell  and 
others  which  support  his  contention, 
that  little  injury  need  be  feared  from 
these  rays  if  illuminants  are  used  with 
reasonable  care.  On  the  other  hand, 
when  working  at  close  quarters  with 
sources  which  are  very  rich  in  ultra- 
violet energy,  some  form  of  protection  j 
certainly  seems  desirable.  It  is  curious  ■ 
that  no  general  agreement  has  yet  been 
reached  as  to  the  best  method  of  testing 
the  physiological  effect  of  ultraviolet 
rays.  Most  methods  are  based  on  the 
effect  on  photographic  paper.  Voege 
gives  the  results  of  a  test  of  this  kind, 
according  to  which  38  per  cent,  of  the 
visible  and  ultraviolet  spectrum  of 
daylight  takes  the  form  of  chemical 
rays,  while  with  the  magnesium  light 
this  percentage  rises  to  as  much  as 
70  per  cent. 

Another  article  of  more  than  common 
interest  dealing  with  the  physiological 
effects  of  light  occurs  in  the  Zeitschrift 
fiir  Beleuchtungswesen  for  June  20th. 
An  abstract  is  given  of  some  researches 
by  Brossa  and  Kohlrausch  on  the 
electrical  current  in  the  eye  following  an 
exposure  to  light.  This  is  interesting, 
because  it  suggests  a  method  of  comparing 
the  effect  of  different  portions  of  the 
spectrum,  and  their  possible  influence 
in  causing  fatigue.  For  example,  it  is 
found  that  the  most  pronounced  effect 
occurs  in  the  yellow  with  the  light - 
adapted  eye,  in  the  green  with  the  dark- 
adapted  eye.  This  is  exactly  what  our 
knowledge  of  the  sensitiveness  of  the 
eye  at  high  and  low  illuminations  would 
lead  us  to  suspect. 

Finally,  reference  may  be  made  to  a 
short  article  in  Licht  und  Lampe  on  the 
effect  of  light  in  causing  shadow.  A 
series  of  photographs  of  a  cast  of  the 
Laocoon  head  illuminated  respectively 
from  above  and  below  and  from  the  two 
sides,  is  given.  In  all  cases  there  is 
marked  distortion  of  the  expression. 
It  is  pointed  out  that  to  show  up  statuary 
properly,  light  coming  from  all  directions 
and  giving  soft  shadows  is  usually  needful. 
Light  coming  from  a  single  direction 
almost  always  leads  to  inartistic  and 
incongruous   effects. 
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GAS  AND  ELECTRIC  LIGHTING. 

There  are  not  many  articles  to  record 
in  this  section.  A.  Rossel  {Z.f.B.) 
Jvme  10th.  discusses  the  now  familiar 
problem  of  the  comparative  economy 
of  arc  lamps  and  high  candle-power 
tungsten  lamps.  He  finds  that  when 
units  of  moderate  candle-power  are 
required,  the  metal  filament  lamp  comes 
out  cheaper  ;  but  when  very  powerful 
light  is  needed  the  flame  arc  is  still 
supreme. 

Several  of  the  German  papers  refer  to 
a  new  form  of  "  artificial  daylight " 
lamp  produced  by  Siemens  and  Halske. 
It  utilises  a  tungsten  lamp  and  a  special 
glass  screen  which,  however,  only  absorbs 
with  progressively  increasing  strength, 
rays  of  wave  length  between  0*48^ 
and  0"62jtt  ;  while  not  designed  to  give 
a  light  exactly  equivalent  to  daylight, 
the  lamp  is  stated  to  resemble  it  very 
closely  for  practical  purposes.  The 
specific  consvnnption  is  given  as  1'4  watts 
per  candle.  Seeing  that  the  absorption 
of  screens  used  for  this  purpose  has 
hitherto  been  in  the  neighbourhood  of 
80  per  cent,  it  woidd  seem  that  these 
lamps  have  a  much  greater  efficiency 
than  most  of  those  designed  to  produce 
artificial  daylight.  The  question  remains 
how  far  it  is  desirable  to  sacrifice  accuracy 
of  colour  to  efficiency  of  consmnption. 

In  the  Electricien,  Jime  14th,  an 
account  is  given  of  a  new  method  of 
obscuring    lamp    bulbs.     Most    forms    of 


lacquer  tend  to  become  yellow  in  course 
of  time,  and  etching  with  hydrofluoric 
acid  is  apt  to  be  prejudicial  to  the  eyes 
of  the  operator  unless  care  is  taken. 
The  new  "  Eak  "  process  is  said  to  be 
free  from  these  defects. 

Attention  might  next  be  called  to  an 
article  on  the  electric  lighting  of  churches 
(L.  u.  L.,  July  3rd).  One  illustration  is 
shown  of  a  large  church  lighted  by  arc 
lamps.  This  is  something  of  an  innova- 
tion. It  is  claimed,  however,  that  this 
method  is  well  adapted  to  large  interiors, 
and  that  the  high  value  of  illumination 
obtained  is  very  useful  in  showing  up 
richly  decorated  walls  and  ceilings. 

There  are  few  articles  dealing  with 
illumination  by  gas  this  month.  A 
contribution  in  the  American  Gas  Light 
Journal  on  "  Stimulating  The  Gas 
Lighting  Business  "  emphasises  the  value 
of  illuminating  engineering  as  a  weapon 
to  salesmen  and  makes  a  number  of 
suggestions  as  to  the  number  of  lamps 
to  be  provided  for  various  interiors. 
The  same  journal  contains  an  article 
comparing  the  cost  of  gas  and  electricity 
for  indoor  illumination  which  follows 
fairly  familiar  lines. 

In  the  Revue  des  Eclairages  there  is 
an  account  of  the  illumination  of  post 
offices  by  acetylene,  and  in  the  Zeitschriit 
jiir  Beleuchtungsu-esrn  a  description  of  a 
method  of  applying  benzol  vapour  at 
high  pressure;  to  incandescent  mantles. 
This  is  said  to  give  very  efficient  results. 
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REVIEWS    OF    BOOKS. 


Lehrhuch  der  Photornetrie.  By  F.  Uppen- 
horn.  Edited  by  Dr.  B.  Monasch. 
(R.  Oldenhourg.  Munich  and  Berlin. 
1912,  Mk.  15.) 

Dr.  Friedrich  Uppenborx.  who  died  in 
1902.  was  known  to  scientists  throughout 
the  world  as  an  indefatigable  worker 
in  photometry,  and  after  his  death 
it  was  felt  that  his  unfinished  work 
on  this  subject  should  not  be  lost.  To 
Dr.  Bert  hold  Monasch  was  entrusted 
the  task  of  editing  it.  and  bringing  the 
material  up  to  date — a  work  which  he 
has  ably  carried  out. 

It  may  be  said  that  this  book,  while 
naturally  assuming  expert  knowledge, 
is  distinctly  more  readable  in  style 
than  most  treatises  on  photometry. 
In  addition  the  type  is  large  and  the 
matter  not  too  crowded.  The  first 
chapter  deals  with  the  human  eye,  and 
includes  some  account  of  the  theory  of 
the  rods  and  cones  (which,  by  the  way. 
seems  now  to  be  less  generally  accepted 
than  it  was  a  few  years  ago).  Reference 
is  made  to  Voege's  researches  on  heat 
rays  and  ultraviolet  Hght. 

We  are  next  taken  through 
customary  treatment  of  units 
standards,  a  soniewhat  special  feature 
bemg  the  table  enabling  the  M.S.C.P.  to 
be  calculated  in  the  case  of  sources  of 
various  shapes  and  sizes  (points,  lines, 
cylmders,  &c.).  Distribution  and 
ulummation  curves  are  treated  very  fully 
and  some  information  is  given  as  to 
the  light  derived  from  oil  lamps.     There 


the 
and 


is  an  excellent  table  comparing  the 
specific  consumption  (watts  per  lumen, 
on  the  working  plane)  of  various  methods 
of  lighting.  The  treatment  of  ilhnnina- 
tion  photometry  is  fairly  complete. 
The  only  fault  we  have  to  find  being  that 
the  avithor  has  practically  confined 
himself  to  German  forms  of  instruments. 
The  treatment  of  colour  photometry 
and  its  difficulties  is  distinctly  good, 
and  up  to  date,  and  the  final  chapter  on 
the  photometry  of  searchlights  will  be 
useful  to  many  who  have  not  clear 
ideas    on    this    subject. 


Electric  Wiring.  By  W.  C.  Clinton. 
(John  Murray,  Albemarle  Street, 
London.     W.C.     Third    Edition.    1913. 

2s.) 

This  little  book  is  intended  as  an  intro- 
duction to  wiring,  and  for  those  preparing 
for  the  Preliminary  Examinations  of  the 
City  and  Guilds  of   London   Institute. 

The  first  chapter  deals  with  fundamental 
principles,  and  the  author  then  passes 
on  by  simple  stages  to  electric  light  and 
bell  circuits,  conduits,  fuses,  insulating 
materials,  &c.  There  is  also  a  short^ — 
some  might,  perhaps,  think  unduly 
short — section  on  illumination.  The  book 
is  well  supplied  with  diagrams  and 
worked  examples  of  wiring  calculations, 
and  the  fact  that  it  has  reached  a  third 
edition  shows  that  it  fulfils  a  distinct 
need. 
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TRADE    NOTES. 


[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to  Trade  Notes,  and  are  open 
to  receive  for  pubhcation  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  by  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  al!  honn  fide  information 
relating  thereto] 


GRAETZIN    LIGHT. 

At  the  works  of  the  British  Graetzin 
Light,  Ltd.  (Graetzin  Works,  Chajjter 
Street,  S.W.),  quite  a  number  of  new 
models  can  be  seen.  Foremost  among 
these  are  the  fixtures  utilising  the 
"  Triumph  "  Graetzin  low-pressure  lamp 
which  is  stated  to  give  an  efficiency  of  no 
less  than  47  candle-power  per  cubic  ft. 
of  ordinary  low  pressure.  This  lamp  is 
built  in  a  form  suitable  for  shop  and  fac- 
tory lighting,  &e.,  and  can  also  be 
obtained  in  a  more  decorative  style 
surroimded  by  the  light  glass  stalactites 
very  largely  employed  on  the  Continent. 


ingenious  device  for  protecting  the  mantle 
by  a  strong  metal  frame  which  renders 
globes  mmecessary.  The  frame  can  be 
removed,  carrying  the  mantle  with  it,  so 
that  there  is  no  need  to  touch  the  mantle 
with  the  fingers  at  all,  thus  removing 
one  fruitful  source  of  breakage.  (See 
Fig.  2.) 

An  interesting  novelty  was  shown  by 
this  firm  at  the  Exhibition  of  the  Inter- 
national Roads  Gongre.^s  at  the  Horti- 
cultural Hall.  This  is  a  low-pressure  lamp 
giving  .300  candle-power  with  a  single 
naantle,  and  does  not  consume  more  than 
7  cubic  ft.  per  hour.  The  whole  lamp 
can  be  lifted  out  of  the  lantern  in  a  few 
minutes.  The  fitter  can  therefore  ex- 
change it  for  a  new  lamp  and  carry  away 
the  defective  one  for  repair,  without 
interfering    with    the    post    carrying    the 


Pig.  I. — Uraelzin  "  Baby  "  Burner. 
(Consumption  0"5-0"7  c.f.  per  hour.) 

There  are  also  on  view  a  number  of  small 
iniits  some  of  them  very  sniall  and  com- 
pact. The  Graetzin  "  Secunda  "  burner 
is  stated  to  give  about  00  candle-power 
at  2  cubic  ft.  per  hour,  while  the  (iraetzin 
"  Baby  "  burner  gives  10  caudle- j)ower 
and  consumes  only  0*5  to  0*7  cubic  ft. 
per  hour.  (See  Fig.  L)  This  unit  is 
expected  to  be  of  great  service  for 
lighting  corridors,  small  landings,  &c., 
where  only  quite  a  small  light  is  required. 
The  complete  burner  and  globe  is  only 
4  in.  deep  and  2|  in.  wide.  The  new 
pattern     workshop     burner    contains    an 


Fig.  2. — Graetzin  Wtirkshoj)  Type  of  Burner. 

The  mantle  is  removed  with  the  metal  uuard  and  need 

not  be  handlt'd  with  tlu-  lingers. 


lam])  ni  any  way.  1  he  arrangement 
also  makes  it  ])ossible  to  use  an  ordinary 
lantern  with  square  |3anes. 

The  high  efficiency  secui'ed  is  mainly 
ascribed  to  the  elaborate  ))reheating 
arrangements  in  the  lam]),  the  gas  having 
quite  a  long  travel  i)ast  the  heated  }iarts. 
It  is  well  known  that  lam])s  of  this  kind 
are  rather  subject  to  the  effect  of  draughts 
and  wind,  but  in  this  case,  it  is  stated, 
the  defect  has  been  completely  overcome. 
Quite  a  strong  blast  of  air  can  be  directed 
on  the  top  of  the  lamj)  without  any 
prejudicial    effect. 
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FITTINGS    FOR    SEMI-INDIRECT    AND 
INVERTED    ILLUMINATION. 

Another  illustration  of  the  taste  for 
lighting  of  this  kind  comes  from  Messrs. 
Siemens  Bros.,  Dynamo  Works,  Tyssen 
Street,  Dalston.  who  have  sent  us  a 
catalogue  of  their  semi -indirect  pendants. 
Manv  of  these  are  highly  de(!orative,  and 
good  effects  can  be  obtained  by  the  use  of 
special  marbled  glass  of  the  type  shown 
in  the  accompanying  illustration.  We 
notice  that  the  new  Holophane  semi- 
indirect  unit  is  also  listed.  There  are 
also  fittings  using  alabaster  and  other 
types  of  glass  as  well  as  the  simpler 
dust-proof  types  intended  for  office  work. 


An  attractive  Siemens  semi-indirect  Fitting 
using  Coenix  Glass. 

Another  catalogue  from  Messrs.  Siemens 
refers  to  their  special  line  of  weatherproof 
lanterns  and  street  lit^hting  fittings.  Of 
special  interest  are  those  intended  for 
the  conversion  of  gas  lanterns,  and 
equipped  with  special  enan:ielled  reflector, 
designed   to    distribute    the    illumination 


from  the  metal  filament  lamp  more 
imiformly  down  the  street.  There  are  also 
special  waterproof  lanterns  for  side  streets, 
stations,  shops,  etc.  One  promising 
method  takes  the  form  of  enclosing  a 
Holophane  reflector  and  lamp  inside  a 
waterproof  outer  globe.  This  should 
effectually  do  away  with  any  trouble  due 
to  the  deposit  of  dirt  and  enables  the  miit 
to  be  used  for  outdoor  work. 

Another  booklet  issued  by  this  firm  is 
devoted  to  illuminated  signs  and  flashers, 
which  are  now  playing  an  important  role 
as  an  advertising  mediiun. 


SEMI-INDIRECT  GAS  LIGHTING  UNITS. 

In  a  recent  number  we  drew  attention 
to  the  new  Pedestal  Fittings  devised  by 
Messrs.  Sugg  and  Co.  (67,  Regency  Street, 
S.W.).  This  is  only  one  among  many 
new  types  of  gas  flttings  introduced  by  this 
firm.  A  recent  visit  to  their  Show  Rooms 
made  it  clear  that  semi-indirect  lighting 
with  gas  is  making  strides.  Besides  the 
familiar  simple  types  adopted  for  office 
lighting  there  are  now  more  decorative 
styles  of  fixtures  using  niarbled  and  opal 
glass  wliich  are  said  to  achieve  practically 
all  that  electric  lighting  can  do.  This  need 
not  be  wondered  at,  for  we  believe  that 
Messrs.  Sugg  and  Co.  have  also  manu- 
factured electric  light  fittings  for  quite  a 
number  of  years,  being  responsible  among 
other  installations  for  those  newly 
introduced  into  Westminster  Abbey.  We 
hope  on  another  occasion  to  give  some 
further  details  on  some  of  these  novelties. 


INDIRECT  LIGHTING  IN  A  TEA  ROOM. 

Good  lighting  is  an  asset  of  tremendous 
value  in  the  catering  business.  People  are 
constantly  on  the  look  out  for  something 
attractive  and  new,  and  much  interest 
has  been  taken  in  the  indirect  and  semi- 
indirect  systems  of  lighting  now  being 
widely  introduced  in  this  country. 

The  illustration  on  the  opposite  page 
shows  a  tea  room  lighted  by  the  B.T.H. 
'■  Eye-re.st,"'  indirect  system. 

The  lamps  arecomi)letely  hidden  by  the 
opaque    bowl    and    tiie    fitting    itself    is 


finished  off  in  a  decorative  style  adapted 
to  the  somewhat  bizarre  natm-e  of  the 
roona. 

The     British     Thomson     Houston    Co. 

have  also  installed  this  system  in  the 
Temple  Speech  Room  at  the  famous 
school  at  Rugby.  A  niunber  of  fittings 
with  a  total  wattage  of  4,200  are 
used,  and  are  fitted  with  contact 
suspension  gear  so  that  they  can  be 
lowered  to  the  ground  for  cleaning.  The 
room  is  fairly  lofty,  but  it  is  stated  that 
the  pictures  on  the  lowest  part  of  the 
room  are  excellently  lighted. 
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A  'J'ca  Room  lighted  on  the  ]i  T.H.  "Eyc-Rist  "  System. 
The  fittii  gs  wore  specially  designed  to  match  the  decorative  scheme  of  the  room. 


THE  ILLUMIXATINO  ENGINEER. 


THE 


l)olopl)ane  Cumeter. 


THE  simple,  portable,  and  accurate  apparatus  for 
measuring  illumination,  surface-brightness,  or  reflect- 
ing power. 

Can  be  carried  from  place  to  place  with  the  ease 
of  a  small  hand  camera. 

Dimensions  only  5|  in.  x  4h  in,  x  1  if  in ;  case  and 
accumulators  supplied. 

Measurements  from  001  to  2000  foot-candles  can 
be    made. 


Showing  general  appearance  of  new  model  of  Holophane  Lumeter. 
(Dimensions  :  5|  in.    x   4-7  in.  X   1|  in.) 

The  Holophane  Lumeter  is  of  value  not  only  to 
lighting  engineers,  but  to  architects,  medical  officers, 
factory  inspectors,  photographers,  and    many    others. 


Among  the  users  of  this  instrument  may  be  mentioned  : — 

The  House  of  Commons,  The  Home  Office  (Factory  Dept.),  The  London 
County  Council,  Cieneral  Post  Office,  Great  Western  Railway,  L.  &  S.W. 
Railway,  Underground  Railways,  The  Gas  Light  &  Coke  Co.,  St.  James 
and  Pall  Mall  Electric  Supply  Co.,  The  Union  Electric  Co.,  The  British 
Thomson-Houston  Co.,  &c.,  &c. 


For    all  particulars   apply   to 


HOLOPHANE,  LTD., 

12,  Carteret  St.,  Queen   Anne's   Gate,  S.W. 
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EDITORIAL. 


The   Regulation  of  Traffic  and  the  Lighting  of  Streets. 

On  pages  458  to  462  of  the  present  number  we  give  an  account  of  the 
proceedings  of  the  International  Road  Congress,  held  in  London  on  June 
23rd  to  28th.  At  this  Congress  a  special  section  was  devoted  to  the  lighting 
of  public  highwaN's  and  vehicles— a  matter  of  considerable  importance  to 
traffic  authorities. 

It  will  be  observed  that,  b}'  the  ver\'  fact  of  this  special  section  on 
lighting  being  included  in  the  programme,  the  Congress  tacitly  assented  to 
the  view  that  the  illumination  and  upkeep  of  roadways  should  be  considered 
together.  We  lay  stress  on  this  matter  in  view  of  the  important  report 
since  issued  by  the  Select  Committee  on  London  Traffic.  In  recommending 
the  formation  of  a  joint  traffic  board  for  Loncion  the  Committee  recognised 
that  the  traffic  conditions  in  this  city  require  general  treatment  by  a  central 
authority,  and  we  think  that  an  ecjually  good  case  might  be  made  out  for 
similar  treatment  of  public  lighting.  At  present,  as  is  well  known,  the 
lighting  provided  in  any  section  of  London  rests  with  the  local  authorities. 
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some  of  whom  have  evidently  still  to  realise  the  necessity  for  a  more  generous 
view  of  what  constitutes  good  illumination.  Logically  the  nature  and  amount 
of  illumination  required  should  be  determined  by  the  character  of  the  street 
to  be  lighted  and  the  amount  of  traffic  it  has  to  carry.  We  should  like 
to  see  an  attempt  to  ascertain  the  best  methods  of  lighting,  and  a  more 
uniform  system  throughout  London,  in  place  of  the  heterogeneous  variety 
that  exists  at  present.  We  hope,  therefore,  that  when  the  new  board  comes 
into  existence  it  will  bear  in  mind  the  fact  that  lighting  is  an  essential 
element  in  the  guidance  of  traffic,  and  by  its  action  pave  the  way  for  the 
control  of  the  lighting  of  London  by  a  single  central  authority. 

There  is  also  the  question  of  the  lighting  of  country  roads,  which  was 
the  subject  of  much  discussion  at  the  International  Road  Congress.  Here 
again,  the  diversity  of  lighting  even  on  main  roads  is  remarkable,  and 
depends  entirely  on  the  views  taken  b\'  the  parish  through  which  it  happens 
to  pass.  The  lighting  of  these  main  thoroughfares  is  becoming  a  most 
important  matter  to  motorists,  and  the}^  have  already'  been  opened  up  for 
speedy  long  distance  traffic  to  a  remarkable  extent.  The  purpose  of  such 
roads  is  beccm'rg  quite  different  from  what  it  was  in  the  davs  of  slow 
moving  local  traffic  over  short  distances,  and  the  lighting  should  be 
develcped  accord'ngh'. 

Several  of  the  speakers  expressed  the  hope  that  in  years  to  come  these 
important  roadways  would  be  lighted  on  some  uniform  system  under  national 
control.  There  is  also  a  need  for  international  agreement  on  the  use  of 
illuminated  sign  posts  and  standard  methods  of  indicating  obstacles,  level 
crossings,  sudden  turnings,  &c.,  on  these  roads.  If  some  of  the  money 
derived  from  the  taxation  of  motors  were  devoted  to  the  illumination  of 
danger  signals  by  night,  and  if  some  of  the  scouts  who  patrol  the  roads 
were  told  off  to  attend  to  their  maintenance,  this  in  itself  would  be  an 
excellent  beginning.  But  all  such  matters  should  surely  come  eventually 
under  the  control  of  some  central  national  authority. 

The  Physical  Laboratory  of  the  National   Electric  Lamp  Association,   U.S.A. 

A  short  time  ago  we  referred  to  the  work  of  the  well-equipped  laboratory 
of  the  National  Electric  Lamp  Association  at  Cleveland,  Ohio,*  under  the 
supervision  of  Dr.  E.  P.  Hyde.  We  expressed  the  hope  that  an  account 
of  the  work  of  this  laboratory'  since  its  organisation  about  four  years  ago 
would  be  presented  shortly,  and  w'e  note  that  an  abstract  bulletin  of  the 
research  work  carried  on  by  the  staff  has  since  been  published.  In  the 
Franklin  Institute  Journal  for  July,  1913,  a  paper  on  the  work  of  the 
laboratory  has  also  been  published  by  Dr.  Hyde,  so  that  we  have  now 
information  as  to  what  has  already  been  done  and  what  is  proposed  for  the 
future.  It  is  interesting  to  observe  that  considerable  extensions  to  the 
laboratory  are  being  made. 

*  Ilium.  £.'!?.  Lond.,  Vol.  V.,   1913,  p.  449. 
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Now  that  the  question  of  international  agreement  on  the  practical  aspects 
of  illumination  is  coming  to  the  front,  the  co-operation  of  laboratories  of 
this  kind  would  be  most  useful,  and  it  is  most  important  to  form  a  clear  idea 
in  each  case  of  the  character  of  work  to  be  done.  There  is  certain  work 
connected  with  standards  of  light,  units,  &c.,  which  is  already  adequately 
undertaken  by  the  recognised  laboratories  in  the  chief  countries  of  Europe 
and  the  United  States.  There  are  also  a  number  of  laboratories  at  colleges 
and  technical  institutions  where  research  work  on  the  more  scientific  aspects 
of  photometr}'  and  illumination  could  be  done  under  the  guidance  of  the 
professors.  What  we  at  present  seem  to  lack  is  a  laboratory  where  practical 
experiments  in  Illuminating  Engineering  can  be  carried  out.  There 
are  now  many  questions,  such  as  the  amount  of  illumination  required  for 
various  industrial  purposes,  the  best  methods  of  suppressing  glare,  the 
relative  merits  of  direct  and  indirect  lighting,  the  avoidance  of  shadows, 
&c.,  on  which  authoritative  impartial  information  is  badly  needed.  It 
is  probable  that  the  work  of  the  British  and  French  Governmental  Com- 
mittees on  Illumination  will  suggest  a  number  of  points  on  which  detailed 
information  and  corroborative  tests  would  be  of  service.  We  venture 
to  hope  that  the  laboratory  of  the  National  Electric  Lamp  Association 
will  turn  its  attention  to  some  of  these  points,  and  we  have  reason  to  believe 
that  the  proprietors  of  the  laboratory  would  be  entirely  favourable  to  such 
a  course.  By  so  doing  it  would  earn  the  gratitude  of  many  of  those  in 
Europe  who  are  at  present  wanting  information  on  these  matters  and  would 
justify  the  splendid  financial  support  received. 

International  Medical  Congress. 

At  the  International  Medical  Congress  held  in  London  last  month 
there  were  several  contributions  dealing  with  illumination   and  the  eye. 

The  paper  read  by  Mr.  J.  Herbert  Parsons  (Vice-President  of  the 
Illuminating  Engineering  Society)  dealt  mainly  with  affections  of  the  eye 
produced  by  excess  of  light,  which  are  termed  b\'  him  "  Photo- 
phthalmia."  Under  tliis  heading  came  such  effects  as  snow  blindness, 
eclipse  blindness,  the  inflammation  caused  by  exposure  in  electric  welding, 
&c.  The  paper  contained  a  very  complete  series  of  references  to  the  effects  of 
sunlight  and  the  ultra-violet  and  infra-red  rays,  and  the  study  of  this  invisible 
radiation  is  now  being  most  energetically  taken  up.  We  notice  that  in 
researches  on  these  subjects  the  physical  and  physiological  aspects  are  now 
much  more  frequenth'  considered  together.  This  is  surel}'  one  valuable 
result  of  tlie  illuminating  engineering  movement. 

The  discussion  of  this  paper  had  a  decidedly  practical  bent,  several 
speakers  referring  to  the  glaring  effect  of  unscreened  powerful  lamps  outside 
shop  windows.  There  are  plent\'  of  obvious  defects  of  this  kind  still  prevalent 
which  deserve  the  censure  of  medical  authorities.  On  the  other  hand 
the  question  of  the  effect  of  the  invisible  radiation  from  modern  ilhiminants 
is  a  very  complicated  one.     It  is  evident  from  tlie  paper  b\-  Mr.  Parsons 
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that  much  remains  to  be  discovered  in  this  field,  and  it  is  best  at  present 
to  imitate  his  discretion,  and  to  avoid  sweeping  statements  as  to  the 
comparative  effects  of  the  different  illuminants. 

We  should  next  like  to  refer  to  the  paper  read  by  Dr.  James  Kerr, 
who  is  also  known  to  our  readers  as  a  member  of  the  Illuminating  Engineering 
Society,  and  as  Chairman  of  the  Joint  Committee  on  School  Lighting. 
Dr.  Kerr  gave  evidence  as  to  the  prevalence  of  visual  defects  among  school 
children  and  the  evil  influence  of  too  much  "  close  work."  He  also  men- 
tioned imperfect  lighting  as  another  cause  of  defective  vision  among  school 
children  and  remarked  that  there  were  still  too  many  schools  in  which  the 
lighting  was  badly  arranged,  with  the  result  that  inconvenient  shadows  were 
cast  on  the  desk  by  bodies  of  the  children.  Dr.  Posek  (Ganz,  Austria) 
also  emphasised  the  importance  of  good  natural  and  artificial  illumination. 
In  the  course  of  his  remarks  Dr.  Kerr  mentioned  some  of  the  recom- 
mendations embodied  in  the  recently  issued  Interim  Report  on  the  Artificial 
Lighting  of  Schools. 

The  importance  attached  to  good  illumination  at  this  important  inter- 
national congress,  which  received  so  much  attention  in  the  Press,  was  very 
gratifying  and  should  lead  to  a  wide  interest  being  taken  in  this  subject, 
both  by  the  medical  profession  and  the  general  public. 

Illumination  required  for  needlework  with  dark  materials. 

Another  point  that  should  certainly  be  brought  before  the  notice  of 
school  authorities  is  the  necessity  for  a  specially  high  illumination  in  class- 
rooms where  needlework  with  dark  materials  is  carried  on. 

It  will  be  recalled  that  in  the  Report  of  acommittee  appointed  by  the 
Royal  Society  of  Arts  as  far  back  as  1855,  which  was  referred  to  in  our 
last  number,*  special  stress  was  laid  on  this  point  in  connection  with  the 
tailoring  trades,  where  dark  materials  are  often  employed.  A  very 
curious  circumstance,  mentioned  by  Mr.  White  Cooper,  surgeon  to  St.  Mary's 
Hospital,  was  that  the  number  of  cases  of  eyestrain  among  workers  in 
these  trades  increased  considerably  during  periods  of  national  mourning. 
This  was  ascribed  to  the  change  of  work  to  dark  stuff,  carried  through  as  a 
rule  at  short  notice,  at  considerable  pressure,  and  involving  extra  work  by 
artificial  hght. 

Since  the  days  this  report  was  written  the  tailoring  trades  have  developed 
enormously  in  this  country,  and  the  number  of  workers  engaged  is  far  greater. 
Conditions  of  stress  which  were  then  exceptional  have  become  almost 
permanent  to-day,  and  the  importance  of  good  artificial  illumination  is 
correspondingly  great. 

We  think  that  those  in  this  country  who  are  urging  the  need  for  better 
methods  of  industrial  lighting  might  make  good  use  of  the  evidence  in  this 
report,  which  would  no  doubt  be  confirmed  by  more  extensive  investigations 
at  the  present  time. 

Leon  Gaster. 


*  IHumivattng    Engineer,  London,  August,  1913,  pp.  43c — 432. 
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TECHNICAL  SECTION. 


The  Editor  ivhile  not  soliciting  contributions,  is  willing  to  consider  the  publication  of  original 
articles  submitted  to  him,  or  letters  intended  for  inclusion  in  the  correspondence  columns 
of  *'  The  Illuminating  Engineer." 

The  Editor  does  not  necessarily  identify  himself  with  the  opinions  expressed 
by  his  contributors. 


ILLUMINATION    AND    THE    EYE. 

Some  Notes  on  the  Proceedings  at  the  XVIIth  International  Medical 
Congress,  held  in  London,  August  1913. 


The  seventeenth  International  Medical 
Congress,  held  in  London  last  month, 
attracted  exceptional  public  attention. 
To  the  medical  profession  the  occasion  is 
always  an  important  one,  the  congress 
being  attended  by  many  famous  Conti- 
nental physiologists  and  physicians. 

Among  the  papers  presented  there 
were  several  dealing  with  illumination 
and  the  eye.  That  by  Mr.  J.  Herbert 
Parsons,  in  the  section  on  ophthalmology, 
dealt  specially  with  the  evils  of  excess  of 
light,  while  several  others  in  the  section 
on  Hygiene  and  Preventive  Medicine,  dis- 
cussed the  lighting  of  schools. 

Affections  of  the  Eye  produced  by 
undue  exposure  to  Light. 

Among  the  many  phenomena  under 
this  heading  Mr.  Parsons  mentioned 
snow-blindness,  ophthalmia  electrica, 
lightning  cataract,  glassworker's  cataract, 
and  eclipse-blindness. 

At  one  time  all  these  efltects  were  put 
down  merely  to  excess  of  light,  but  Mr. 
Parsons  shows  that  we  must  also  con- 
sider the  quality  of  the  radiation.  The 
physiologist  of  to-day  must  also  study  the 
physics  of  light  in  order  to  understand  his 
subject.  Til  us  a  man  who  suffers  from 
snow-blindness  after  wandering  in  the 
mountains,  a  worker  at  the  gla.ss  furnace 
who  becomes  a  victim  to  cataract,  and  an 
electrical  engineer  whose  eyes  have  been 
temporarily  blinded  by  the  flash  of  a 
short  circuit,  may  be  suffering  from  the 


effects  of  different  qualities  of  radiation 
and  may  presumably  require  distinct 
treatment. 

Visible  and  Invisible  Vibrations. 

The  visible  spectrum  of  sunlight  extends 
from  about  723  ju/ii  in  the  red  to  397  fxfi 
in  the  violet.  But  there  is  a  vast  region 
of  infra-red  rays  extending  beyond  the  red 
to  60,000  /iyu,  and  beyond  the  violet 
there  are  rays  existing  as  far  as  100  /u/i. 
In  the  same  way  the  radiation  of  artificial 
illuminants  contains  a  varying  percentage 
of  visible  rays,  some  of  them  (such  as  the 
Schott  Uviol  mercury  lamp)  being  very 
rich  in  the  ultra-violet. 

Mr.  Parsons  gives  a  long  list  of  refer- 
ences to  investigators  who  have  studied 
the  effect  of  ultra-violet  rays  on  the  eye. 
Some  of  these  rays  are  absorbed  by  the 
lens  and  cornea  and  may  therefore  affect 
their  structure  in  course  of  time.  Re- 
searches on  the  absorption  of  the  infra-red 
rays  have  given  more  discordant  results, 
but  in  view  of  the  enormous  preponder- 
ance of  this  radiation  in  most  artificial 
illuminants,  their  effect  should  certainly 
be  more  closely  examined. 

In  order  to  describe  generally  the  in- 
flammatory effects  of  excessive  light  Dr. 
Parsons  has  coined  the  term  "  photo- 
phthalniia.*'  He  gives  a  lonu  list  of 
authorities  on  this  effect — from  Xenophon 
onwards.  It  apjiears  that  there  is  now 
very  little  doubt  that  this  effect  is  due 
mainly  to  ultra-violet  rays,  which  are  so 
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strongly    present    in    the    light    at    high 
altitudes. 

Experiments  on  animals  by  Widmark 
with  sources  rich  in  ultra-violet  rays  have 
shown  that  inflammation  of  the  eyes  and 
opacity  of  the  cornea  are  brought  about 
ahnost  entirely  by  these  rays,  and  the  par- 
ticipation of  the  luminous  rays  in  this 
effect  is  believed  to  be  relatively  slight. 

Effects  of  Artificial  Light. 

"  Photophthalmia,"  in  the  form  of 
ophthalmia  electrica,  has  long  been  known 
as  an  effect  produced  by  incautious 
exposure  to  naked  arc  lamps,  e.g.,  in  con- 
nection with  electric  welding,  and  Birch- 
Hirschfeld  has  reported  cases  of  similar 
effects  caused  by  Uviol  and  quartz 
tub  mercury  lamps.  The  victims  were 
chemists  and  photographers. 

The  injury  to  the  eyes  arising  from  the 
flash  of  short  circuits  is  sometimes  com- 
plicated by  the  passage  of  electricity 
through  the  body,  and  is  not  unlike  the 
effect  of  lightning. 

The  slowly  produced  cataract  of  glass- 
workers  has  sometimes  been  ascribed  to 
the  ultra-violet  rays  from  the  furnaces  ; 
but  as  these  rays  are  not  present  in  any 
large  proportion  some  investigators 
ascribe  the  cataract  to  the  drying  in- 
fluence of  the  enormous  heat.  It  is 
probable  that  the  infra-red  rays  are  here 
not  without  effect. 

It  is  possible  that  the  considerable 
amount  of  research  work  going  on  in  this 
field  mav  lead  to  important  inferences  as 
regards  the  effect  of  artificial  illuminants 
in  ordinary  use.  Several  of  the  speakers 
in  the  discussion  referred  to  the  effect  of 
glare  from  unshaded  brilliant  lamps,  as 
exemplified  in  some  varieties  of  shop- 
lighting,  and  it  is  a  good  thing  that  these 
matters  are  now  being  brought  before  the 
notice  of  the  medical  profession.  (A 
Summary  of  this  discussion  appears  in  the 
Brit.  Medical  Journal  for  Aug.  23rd). 

The  Eyesight  of  School  Children. 

Dr.  James  Kerr,  Medical  Officer  to  the 
London  County  Council,  dealt  with  the 
causes  of  visual  defects  of  school  children. 


He  suggests  that  they  are  due  in  a 
large  measure  to  our  system  of  education, 
much  of  which  "  has  survived  from  the 
literary  and  clerical  schools  of  the  Middle 
Ages."  There  is  undue  insistence  on 
reading  and  writing  by  young  children. 
Dr.  Kerr  thinks  that  no  child  should  even 
make  letter-forms,  whether  printed  or 
written,  before  the  seventh  or  eighth 
year,  and  even  after  that  period  work  on  J 
a  large  scale  is  preferred.  " 

Reference  is  also  made  to  the  equip- 
ment of  the  school,  the  choice  of  suitable 
desks,  &c.,  and  the  need  for  effective 
lighting  and  ventilation.  In  this  con- 
nection Dr.  J.  Kerr  quotes  the  interim 
report  of  the  committee  composed  of 
members  of  the  Illuminating  Engineering 
Society  and  other  bodies,  of  which  he 
acted  as  chairman.  An  illumination  of 
2|  foot-candles  on  the  desks  and  4  foot- 
candles  on  the  blackboard  is  recom- 
mended. The  eyes  of  young  children  are  j 
specially  sensitive  to  excessive  brightness,  % 
and  some  form  of  "  glare-test  "  would  be 
very  useful. 

Although  the  lighting  of  schools  has 
improved  of  late  years,  there  is  still  much  , 

room  for  improvement,  the  existence  of       ^1 
"  back-lighting,"  leading  to  the  children         * 
sitting    in    their    own    shadow,    being    a 
common  defect. 

Another  paper  dealing  with  the  eye- 
sight of  school  children  was  read  by  Dr. 
R.  Posek  (Ganz,  Austria).  He,  too, 
insists  on  the  need  for  good  lighting,  and 
suggests  a  minimum  of  10  metre-candles 
(about  1  foot-candle).  Judged  by  the 
views  of  authorities  in  England  this  would 
appear  a  somewhat  low  value,  but  the 
author  has  in  view  the  enormous  daylight 
variations  to  which  a  schoolroom  is  sub- 
ject, and  gives  the  above  figure  as  the 
absolute  minimum  on  the  worst  lighted 
desk. 

Among  other  papers  dealing  with  the 
eye  we  note  that  of  Dr.  Karl  Grossmann, 
who  advocated  more  stringent  tests  of  the 
eyesight  of  sailors,  and  suggested  that  a 
committee  should  be  appointed  to  report 
upon  the  matter  at  the  International 
Ophthalmic  Congress  to  be  held  at  St. 
Petersburg  next  vear. 
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A    MODERN    OFFICE    LIGHTING    INSTALLATION. 


Di^Rixo  the  last  month  tlie  entire  work  of 
The     lllwninatiruj     Engineer     has     been 


Fig.  1. — A  vic\\  in  the  cxtensioii  of  the  Editoiial 

Offices  of  The  lUunihinting  Engineer,  lighted 

by  Holophane  semi-indirect  uniis. 

transferred  to  32,  Victoria  Street,  the 
affairs  of  the  journal  and  the  Illuminating 
Engineering  Society  being  now  conducted 
exclusively  from  Mr.  L.  Gaster's  office. 
This  centralisation  of  the  work  will,  it  is 
hoped,  prove  a  great  convenience.  As 
the  lighting  of  these  rooms  has  been 
recently  arranged  and  comprises  both 
direct  and  indirect  illumination,  the 
accompanying  views  of  the  offices,  taken 
entirely  by  artificial  light,  should  be  of 
interest. 

The  room  shown  in  Fig.  1  is  approxi- 
matelv  22  feet  long  and  16  feet  broad, 
and  is  chiefly  used  for  editorial  work. 
It  is  also  utilised  occasionally  for  meetings 
of  the  Council  of  the  Illuminating 
Engineering  Society  and  Committees. 
The  iiUunination  is  provided  by  two 
Holophane  satin-finished  semi-indirect 
fittings,  each  of  which  contains  a  lOO-watt 


lamp.  The  illumination  is  uniformly 
distributed  over  the  room,  the  value 
over  the  desk  and  tables  being  about  over 
3  foot-candles.  The  bookcases  are  mainly 
devoted  to  a  collection  of  works  on 
illuminating  engineering,  and  the  walls 
are  lined  with  photographs  of  various 
lighting  installations.  The  semi-indirect 
system  is  very  suitable  for  the  illumina- 
tion of  such  vertical  surfaces. 

Two  views  of  this  room  are  shown  in 
Figs.  1  and  2.  There  is  also  a  well- 
shaded  lamp  to  the  left  of  the  desk  for 
local  lighting.  In  the  far  corner,  on  the 
revolving  bookcase,  is  a  Holophane  unit 
mounted  on  a  bronzed  pedestal.  The 
table  in  this  corner  is  covered  by  some 
of  the  series  of  journals  and  Transactions 
of  Societies  regularly  received  in  exchange 
foi'  Tlie  lUunnnating  Engineer. 


Fig.  4. — \ic\v  of  tlie  Assistant-Editor's  Room. 

1'he     large     shelf     contains     acc\innilated 

"  exchange "    literature   and   is    lighted   by 

a  Holo])hane  Uniflux  reflector. 

The    next    illustration    (Fig.    3)    shows 
the  main  central  office,  next  door  to  the 
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Editor's  room,  in  which  the  correspond- 
ence and  routine  work  of  the  journal 
and  the  Illuminating  Engineering  Society 
is  transacted.  This  room  is  lighted  by 
a  central  Holophane  sphere  containing 
a  100-watt  lamp.  In  the  background 
will  be  seen  a  desk  lighted  by  two  of  the 
Holophane  ''  Bank  "  units,  each  con- 
sisting of  a  tungsten  lamp  in  Holophane 
reflector,  covered  by  an  opal  shade  (white 
inside  and  green  outside).  On  the  left  is 
a  drawing  board,  where  tracings,  &c..  are 
carried  out,  illuminated  by  a  30-watt 
tungsten  lamp  in  an  opaque  cardboard 
reflector. 

Through  the  open  doorway  a  glimpse 
mav  be  caught  of  another  room, 
chiefly  used  by  the  Assistant  Editor, 
where    the    journals  and    literatm'e    are 


stocked  away  as  they  come  in.  The  final 
illustration  (Fig.  4)  shows  some  of  the 
cases  in  which  this  matter  is  kept.  The 
main  illumination  is  provided  by  two 
60-watt  lamps  in  Holophane  reflectors, 
mounted  direct  on  the  ceiling.  A  Holo- 
phane Uniflux  reflector  serves  to  illum- 
inate the  large  bookcase  in  the  back- 
ground. 


It  is  the  aim  of  The.  Illuminating 
Engineer,  with  its  international  con- 
nection, to  become  the  centre  for  informa- 
tion on  all  matters  connected  with 
illumination.  Corresponding  members  of 
the  Society  and  friends  of  the  journal 
passing  through  London  will  receive  a 
cordial  welcome  at  32,  Victoria  Street. 


VIOLET    RAYS    IN     ZINC    MINING. 


AcGORDiXG  to  a  recent  number  of 
Popular  Electricity  an  interesting  applica- 
tion of  violet  light  is  to  be  found  in  the 
separation  of  zinc  from  the  mineral 
willamite.  The  ore  consists  of  a  mixture 
of  silicate  of  zinc  and  calcite.  There  is 
considerable  difflcidty  in  separating  these 
materials,  which  by  ordinary  light  both 
appear  to  the  eye  to  be  of  an  identical 
shade    of    arev.     But    under    a    strong 


violet  light  the  zinc  silicate  fluoresces  to 
a  brilliant  turquoise  hue  while  the  calcite 
retains  its  original  colour.  The  violet 
ray  is  now  used  in  the  concentrating 
mills.  It  is  also  employed  in  the 
undergi'ound  workings  to  determine  just 
where  the  ore  is  located,  each  miner  being 
provided  with  a  portable  apparatus  for 
producing  the  required  light. 


A   FRENCH   JOURNAL  ON   ILLUMINATION. 


It  is  but  a  short  time  since  we  an- 
nounced the  formation  of  a  German 
Illuminating  Engineering  Society,  and 
we  are  now  interested  to  note  the  issue 
of  a  new  journal  dealing  with  illumina- 
tion in  France.  The  journal  is  under  the 
direction  of  Prof.  Blondel,  whose  long 
connection  with  illuminating  engineering 
will  be  known  to  all  our  readers. 

The  first  number  of  Science  et  Art  de 

VEclairage  appeared  on  the  1st  of  June, 
and    contains    a    number    of    readable 


articles.  M.  R.  Chasseriaud  contributes 
an  editorial  summarising  the  aims  of  the 
Revue,  Piof.  Blondel  deals  with  photo- 
metric units,  and  M.  Eougier  has  an 
article  on  the  mesophotometer. 

We  wish  our  contemporary  every 
success.  This  new  journal  will  doubtless 
afford  an  authoi'itative  source  of  infor- 
mation on  developments  in  France,  and 
will  enable  us  to  keep  our  readers  in 
touch  with  the  latest  progress  in  that 
country. 
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Fig.  2. — Another  view  of  the  Editorial  and  Reception  Room  of  Thr  Illuiiunating  EvgiiKfr 

(Mr.  Caster's  Office). 


Fig.  3. — The    General  Office  of  The  Illuminating  Engineer,  lighted  by  central  Holophane 

sphere  and  subsidiary  units. 
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INDIRECT    CHURCH   LIGHTING. 


Ix  this  couniry  the  indirect  method  has 
not  as  yet  teen  widely  applied  in  church 
lighting.  The  conditions  are  not  always 
favouralle,  owing  to  the  great  height 
of  the  ceiling  and  comparative  darkness  of 
the  surroundings  in  many  of  our  elder 
churches  and  cathedrals.  There  is  also 
the  question  whether  modern  styles  of 
lighting  are  suitable  fcr  buildings  of  an 
ancient  type.  The  interiors  of  cathedrals 
and  vast  religious  buildings  were  neces- 
sarily dimly  lighted  in  the  past,  and  this 
subdued  illumination  has  become,  to  seme 
extent,  associated  with  religious  feeling. 
A  very  bright  illumination,  even  if 
excellent  from  the  practical  and  artistic 
standpoints,  might  still  not  be  considered 
suitable  in  a  church. 

But  in  the  case  of  more  modern 
buildings,  where  a  white  ceiling  will 
probably  he  available,  the  conditions  are 
somewhat  different,  and  the  excellent 
photograph  on  the  page  opposite  shows 
what  has  been  done  in  this  wav  in  the 
United  States.  The  Eberhardt  Memorial 
Church  (Mishawaka.  Ind.)  appears  to  be 
essentially  modern  and  is  said  to  have  a 
verv  distinctive   moulded   white   ceiling. 


excellently  adapted  for  reflection  of  light. 
From  this  ceiling  seven  large  indirect 
X-ray  units  are  hung.  The  central  fitting 
contains  sixteen  150-watt  lamps.  The 
other  fittings  are  provided  with  a  some- 
what smaller  number  (most  of  them  four 
150-watt  lamps).  From  an  article  on  this 
installation  in  the  Lighting  Journal  it 
appears  that  the  area  of  the  auditorium  is 
2,550  square  feet,  and  that  it  receives 
upwards  of  5,000  watts  ;  so  that  the 
consumption  might  be  put  at  about  2 
watts  per  square  foot. 

Six  fixtures  lighting  the  auditorium 
hang  about  80  in.  from  the  ceiling,  which 
is  about  40  ft.  from  the  floor.  Besides 
the  central  fitting,  there  is  one  unit  over 
the  pulpit,  two  in  the  nave,  one  over  each 
of  the  two  transepts,  and  one  over  the 
gallery.  Smaller  units  are  provided  under 
the  gallery.  The  style  of  the  fittings  is 
specially  selected  to  harmonise  with  the 
building,  and  the  absence  of  glare  and 
restful  effect  are  spoken  of  as  good  features. 
A  special  winch  is  provided  in  order  to 
enable  the  large  units  to  be  lowered  for 
cleaning  purposes,  or  for  the  replacement 
of  lamps. 


THE   GAS   INDUSTRY  AND   ILLUMINATION. 


Observers  of  the  trend  of  current  events 
in  connection  with  the  industries  which 
supply  the  agents  from  which  artificial 
light  is  obtained,  cannot  fail  to  have 
noticed  that  the  utilisation  of  light  in 
the  most  scientific  fashion,  so  as  to  obtain 
from  it  the  utmost  in  valuable  illumination 
effect,  is  a  subject  that  can  no  longer  be 
ignored. 

If  anyone  thinks  the  matter  is  merely 
an  abstract  or  a  sentimental  one,  and 
will  have  no  effect  on  the  lighting  indus- 
tries in  the  future,  let  him  read  the  digest 


of  the  report  of  the  Illuminating  Engineer- 
ing Society,  published  in  our  columns 
to-day.  There  is  all  the  evidence  there 
that  neglect  will  eventually  meet  its  due 
deserts. 

Where  the  technical  bodies  of  both  the 
gas  and  electric  industries  have  not 
hitherto  laboured,  the  Illuminating 
Engineering  Society  have  entered  and. 
we  willingly  agree,  have  been  operating 
with  good  effect. — Journal  of  Gash'ghting, 
June  10th.  1913. 
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Fro.  1. — A  view  of  the  Eberhardt  Memorial  Church  Mishawaka  (Ind.),  U.S.A.,  taken  by  artificial 
light  and  showing  the  use  of  indirect  illumination.  For  this  excellent  photograph  we  arc 
indebted  to  the  courtesy  of  the  National  X-rav  Reflector  Co..  of  Chicago. 


LIBRARY  LIGHTING. 


The  report  of  the  Joint  Committee  of 
the  Ilhiminating  Engineering  Society  and 
the  Library  Association  on  the  Artificial 
Lighting  of  Libraries  published  in  our  July 
numb' r  has  attracted  mucli  attention. 


The  report  is  reproduced  in  the  Library 
Association  Record  for  July  L5th.  and  this 
official  journal  will  doubtless  bring  the 
matter  to  the  notice  of  many  libraries 
throughout  the  country. 
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THE    ILLUMINATION    OF    PUBLIC    HIGHWAYS. 


Some    Notes    on    the   Proceedings  at   the    International   Road    Congress 
HELD  IN  London,  June  23rd-28th,  1913. 


The  fact  that  illumination  deserves  to  be 
considered  as  part  of  the  upkeep  of  the 
highway  was  emphasised  at  the  Inter- 
national Roads  Congress  held  in  London 
last  June.  A  special  section  was  devoted 
to  the  lighting  of  public  highways  and 
vehicles,  no  less  than  nine  papers  on  this 
subject,  by  delegates  from  seven  different 
countries,   being  presented. 

On  pages  459-462  we  give  a  summary 
of  these  papers. 

Resolutions  on  Lighting. 

The  following  series  of  resolutions  put 
forward  at  this  meeting  also  serves  to 
show  the  interest  which  is  now  being 
taken  in  the  subject : — 

1.  For  the  purposes  of  a  qeneral  deter- 
mination of  methods  of  lighting  highivays 
may  conveniently  be  divided  into  three 
classes  as  follotvs  : — 

(1)  Important  streets  in  Cities,  Towns 
or  other  urban  areas  in  which  the  traffic 
after  dark  is  considerable  in  volume. 

(2)  Important  suburban  roads  in  the 
vicinity  of  large  toivns. 

(3)  Rural  roads. 

and  having  regard  to  modern  conditions  of 
traffic  it  is  essential  that  adequate 
lighting  by  means  of  fixed  lights  should 
be  provided  in  classes  1  and  2. 

2.  As  a  general  principle  in  the  lighting 
of  all  Highivays  which  require  to  be  lighted 
by  means  of  fixed  lights  the  method  of 
lighting  to  be  adopted  should  be  such  as 
will  provide  an  illumination  as  uniform 
and  free  from  glare  as  possible.  The 
amount  of  illumination  and  the  position 
of  lamps  must  be  determined  with  reference 
to  local  circumstances. 


3.  It  tcould  be  impracticable  to  light 
Rural  roads  generally  by  similar  methods 
to  those  adopted  in  Urban  streets  or 
Suburban  roads,  and  the  lighting  of 
vehicles  using  rural  roads  at  night  is 
therefore  of  the  highest  importance. 

4.  (1)  All  vehicles  ivhether  standing  or 
moving  on  the  road  should  be  compelled 
by  laiv  to  carry  suitable  lights  in  front 
and  in  rear  or  lighted  lanterns,  so  con- 
structed and  fixed  that  the  beams  shall 
as  far  as  practicable  be  visible  both 
from  the  front  and  the  rear. 

(2)  Every  motor  car  must  carry,  after 
nightfall,  tivo  lighted  lamps  in  front, 
and  one  at  the  back  :  if  it  is  able  to 
move  at  a  high  speed  it  must  also  be 
fitted  in  front  with  a  headlight  of 
sufficient  illuminating  power  to  light 
up  the  road  or  path  for  a  least  50  yards 
to  the  front.  In  inhabited  places  ivhere 
the  ordinary  lighting  is  sufficient  to 
allow  motorists  to  see  their  way  and 
to  be  easily  seen  the  light  of  the  head- 
light must  be  limited,  to  that  of  the 
ordinary  lamp. 

5.  (1)  It  is  desirable  that  all  obstacles 
across  a  road  such  as  gates  and  par- 
ticularly gates  at  railway  level  crossings 
should  be  painted  ivhite  and  should  be 
clearly  lighted  at  night  by  means  of 
fixed  lights,  preferably  of  a  red  colour, 
to  indicate  danger. 

(2)  It  is  desirable  to  paint  ivhite  or 
indicate  by  some  other  method  all  danger 
signals,  posts,  direction  posts  and  other 
posts,  milestones,  wheel  kerbs,  bridge 
abutments,  etc.,  or  other  special  features, 
the  indication  of  which  would  aid 
travellers,  or  conduce  to  safety. 

6.  Red  should  be  universally  adopted 
as  the  colour  for  danger  signals. 
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Reports    dealing    with   Public    Lighting. 

One  of  the  chief  features  of  the 
Congress  was  the  presentation  by  dele- 
gates from  different  countries  dealing 
with  highway  and  vehicle  lighting. 

Mr.  J.  S.  Brodie.  Borough  Engineer  of 
Blackpool,  in  his  report  on  the  lighting  of 
highways,  remarks  that  there  is  no 
statutory  duty  placed  upon  highway 
authorities  to  light  roads  in  their  charge  ; 
still,  practically  all  local  authorities  under- 
take this  work  and  in  fact,  lighting  is 
coming  to  be  classed  with  the  general 
upkeep  and  maintenance  of  roads. 

A  remarkable  advance  in  the  standard 
of  road  lighting  has  been  made  so  that  it 
is  now  considered  practicable  to  draw  up 
a  specification  specifying  the  minimum 
illumination  required  by  different  classes 
of  streets.  Mr.  A.  P.  Trotter  among 
others  has  done  much  work  in  this  direc- 
tion. 

The  chief  object  to  be  considered  in 
street  lighting  are  (a)  the  sufficient  and  (so 
far  as  practicable)  uniform  lighting  of  the 
pavements  and  roadway  ;  (h)  absence  of 
glare  in  the  eyes  ;  (c)  uniform  colour  in 
the  illuminant.  In  practice  it  is  difficult 
to  secure  exact  compliance  with  the  last 
two   conditions. 

In  addition  to  the  increase  in  the  power 
of  illuminants,  considerable  improvements 
in  the  automatic  extinguishing  and 
lighting  up  of  lamps  have  been  made. 
On  the  average  the  lighting  and  extin- 
guishing of  street  lamps  cannot  be  done 
efficiently  by  hand  at  a  less  cost  than 
about  twelve  to  fifteen  shillings  per  lamp 
per  annum.  Recently,  however,  the  use 
of  automatic  control  of  gas  lamps  by 
pressure  waves  and  other  devices  has  be- 
come usual. 

At  the  conclusion  of  this  paper  the 
author  presents  some  tables,  derived 
mainly  from  the  Board  of  Trade  returns, 
showing  the  average  cost  per  mile  of 
street  lighting  per  annum  in  various 
towns  in  the  United  Kingdom. 

Road  Lighting  in  the  United  States. 

Quite  a  number  of  speakers  testified  to 
the  excellence  of  British  roads  and  the 
care  now  given  to  their  upkeep. 

Dr.  C.  H.  Sharp  remarks  that  in  the 
United  States  the  surface  and  lighting  of 
the  roads  were  until  recently  very  de- 
fective.     This    was  a  natural    result    of 


the  fact  that  the  highways  were  made 
out  largely  under  pioneer  conditions. 
Another  important  factor  has  been  the 
relative  sparseness  of  population  and  the 
great  distance  involved. 

Dr.  Sharp  gives  a  general  survey  of  the 
illuminants  suitable  for  street  lighting 
making  special  reference  to  the  constant 
current  high  voltage  series  system  of 
lighting,  the  pressure  occasionally  being 
carried  out  as  high  as  10,000  or  15,000 
volts.  This  method  can  be  used  in 
conjunction  with  arc  lamps  (a  rectifier 
being  generally  necessary),  and  it  has 
also  been  employed  very  efficiently  with 
low  voltage  tungsten  lamps.  Curves 
showing  the  light  distribution  from 
electric  arc  lamps  and  incandescent  lamps 
are  given,  and  something  is  said  as  to  the 
design  of  ornamental  lamp-posts. 

In  discussing  the  principles  of  street 
lighting  Dr.  Sharp  points  out  the  im- 
portant part  played  by  the  nature  of  the 
road  surface — e.g.,  whether  it  is  wet  or 
dry.  rough  or  shiny.  When  the  streets 
are  wet  objects  appear  silhouetted  against 
the  reflected  light  from  distant  lamps.  It 
is  chiefly  the  rays  at  small  angles  to  the 
horizontal  that  cause  glare.  On  the 
other  hand  Dr.  Sharp  thinks  it  is  question- 
able whether  absolutely  uniform  illumina- 
tion is  desirable.  It  is  usually  better 
to  concentrate  the  light  on  important 
areas  such  as  the  intersections  of  streets. 

Lighting  of  the  National  Roads  in  France. 

Two  reports  presented  by  Messieurs 
E.  Tur  and  E.  Chaix,  dealing  respectively 
with  the  lighting  of  highways  and  vehicles 
in  France,  were  of  special  inteiest.  It  is 
pointed  out  how  remarkably  not  only  the 
nature  but  also  the  ohject  of  street  illu- 
mination has  changed  during  the  last  few 
years.  At  one  time  public  lighting  was 
requisite  chiefly  as  a  measure  of  safety, 
but  to-day  the  amount  of  illumination 
strictly  necessary  from  the  police  stand- 
point has  already  been  exceeded  in  many 
main  thoroughfares.  This  increase  in 
illumination  has  been  rendered  necessary 
mainly  by  the  constant  acceleration  of 
the  speed  of  vehicles.  "  A  profusion  of 
light  is  one  of  the  best  means  of  avoiding 
the  occurrence  of  acfidents  on  roads 
where  numbers  of  fast  moving  cars  are 
constantly  crossinti  or  overhauling  efch 
other." 
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A  matter  of  great  interest  to  the 
motorist  is  the  lighting  of  the  important 
cross-country  thoroughfares  of  Franc?. 
In  country  districts  the  lighting  even  of 
main  roads  is  often  primitive,  and  it  may 
fairly  be  claimed  that  a  larger  proportion 
of  the  cost  of  upkeep  should  be  cfevoted 
to  illumination. 

Over  a  length  of  38,230  kilometres  of 
national  roadways  in  France,  the  total 
cost  of  maintenance  of  which  amounts  to 
thirty-two  million  francs,  the  total  ex- 
penditure on  lighting  is  not  more  than 
six  thousand  francs  per  annum — an  ex- 
ceedingly small  percentage  of  the  total 
upkeep.  For  roads  in  the  country 
petroleum  lamps  are  still  used  in  the 
majority  of  cases,  but  are  being  replaced 
bv  acetylene  lamps,  which  give  a  more 
powerful  light.  For  main  roads  the  use 
of  electric  lighting  has  been  greatly  stimu- 
lated by  the  development  of  water  power  ; 
as  a  result  many  of  the  smallest  villages 
are  quite  well  illuminated.  It  may  be 
said,  however,  that  the  lighting  is  very 
mixed,  almost  every  method  invented 
during  the  last  150  years  being  in  use  in 
some  part  of  the  country. 

It  is  also  hoped  that  in  the  future  many 
of  the  great  roads  of  France  will  be  more 
completely  illuminated  than  before.  Per- 
haps it  may  be  possible  to  have  a  general 
scheme  of  lighting  in  the  case  of  main 
roads,  instead  of  leaving  the  illumination 
to  the  judgment  of  the  parishes  through 
which  it  happens  to  pass. 

The  lighting  of  the  public  streets  in 
Paris  is  carried  out  mainly  with  gas. 
During  the  last  few  years  the  chief  feature 
has  been  the  equipment  of  a  number  of 
the  busiest  thoroughfares  with  clusters 
of  high  pressure  mantles. 

Developments  in  Vienna,  Brussels,  Dresden, 
and  St.  Petersburg. 

A  series  of  papers  by  Leo  Stransky, 
J.  Hansez,  G.  Fleck,  and  H.  Merczyng 
describe  the  conditions  in  the  above 
cities.  Mr.  Leo  Stransky  points  out  the 
disadvantages  of  arranging  lamps  only 
at  the  sides  of  wide  streets.  This  system 
is  apt  to  leave  the  centre  of  the  road  in- 
sufficiently illuminated.  He  expresses 
the  hope  that  in  the  future  all  the  high 
roads  will  be  illuminated  even  in  the  open 
and  in  the  parts  most  remote  from  cities. 


Mr.  J.  Hansez  reports  that  road  light- 
ing in  Belgium  has  vastly  improved 
during  recent  years.  This  is  due  mainly 
to  the  wider  application  of  electric  light 
which  is  now  met  with  even  in  the  smallest 
villages.  Clear  globes  with  arc  lamps 
have  proved  dazzling  to  the  drivers  of 
automobiles,  and  are  considered  less 
effective  than  those  made  of  diffusing 
glass.  Incandescent  electric  lamps  in 
clusters  are  being  now  much  used  for 
street  lighting.  The  author  considers 
that  roads  in  open  country  should  not  be 
illuminated,  but  lighting  should  be  pro- 
vided at  level  crossings,  swing  bridges, 
and  all  obstacles.  &c. 

Mr.  G.  Fleck  (Dresden)  comments  on 
the  spread  of  the  method  of  suspending 
of  gas  and  electric  lamps  over  the  centre 
of  the  roadway.  It  is  remarked  that  in 
Germany  most  towns  extinguish  the 
greater  part  of  the  lights  at  11  p.m.,  but 
on  Sundays  and  feast  days  they  are  often 
kept  burning  ten  hours  later. 

An  important  point  made  by  Mr.  H. 
Merczyng  (8t.  Petersburg)  is  that  in  many 
districts  there  are  special  traffic  require- 
ments owing  to  the  nature  of  the  local 
industries,  and  special  illumination  is 
therefore  needed.  For  example,  in  Lom- 
bardy,  and  probably  in  the  immediate 
neighbourhood  of  many  large  towns,  the 
volume  of  traffic  is  sometimes  so  enormous 
that  it  would  be  impossible  to  deal  with 
the  whole  of  it  in  the  daytime. 

Modern  Motor  Car  Lighting. 

Mr.  G.  W.  Watson  pointed  out  the 
remarkable  advance  in  the  lighting  of 
vehicles  that  followed  the  development 
of  the  motor  car.  Pioneers  in  the  motor- 
ing industry  suffered  considerable  incon- 
venience because  lamp  manufacturers  had 
not  enough  experience  of  the  new  form 
of  locomotion  to  enable  them  to  design 
suitable  methods  of  illumination,  but 
nowadays  a  number  of  ingenious  and 
greatly  improved  methods  are  available. 

The  lighting  of  motor  vehicles  should 
serve  the  dual  process  of  enabling  the 
traveller  to  see  far  enough  for  safety  and 
comfort,  and  of  giving  other  people  warn- 
ing of  the  presence  of  the  car  on  the  road. 
Mr.  Watson  finds  that  present-day  head 
lights  suffice  to  show  the  road  clearly  for 
quite  one  hundred  yards  ahead,  and  even 
Hive  light  enough  to  throw  shadows  at  a 
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distance  of  a  quarter  of  a  mile.  He 
advocates  that  the  head  lights  should  be 
fixed  on  some  part  of  the  front  axle  so 
that  the  beams  of  light  will  always  be 
projected  in  the  direction  in  which  the 
car  is  travelling.  The  candle  power  of  a 
head  lamp,  according  to  the  tests  carried 
out  by  the  Royal  Automobile  Club,  in 
1909,  should  be  from  15 — 25  c.p.,  this 
light  being  focused  and  directed  by 
suitable  systems  of  lenses  and  mirrors. 

The  remaining  part  of  this  paper  is 
devoted  to  a  description  of  some  electric 
and  acetylene  systems  of  lighting.  As  an 
example  of  the  cost  of  apparatus  and 
acetylene  systems  the  author  takes  the 
case  of  a  fleet  of  taxicabs,  each  of  which 
has  two  side  lamps,  one  tail  lamp  and  a 
fourth  one  to  light  up  the  dial  of  the 
taximeter.  The  running  cost  of  lighting 
such  a  cab  is  approximately  one 
shilling  per  working  week,  or  about  0-05d. 
per  vehicle  mile.  On  the  other  hand,  the 
expense  for  acetylene  lighting  of  a  big 
company  like  the  London  General 
Omnibus  Co.  would  be  about  0-09d.  per 
omnibus  mile,  the  cost  for  each  omnibus 
being  about  5s.  per  week.  Acetylene 
would  appear  to  be  slightly  more  econo- 
mical than  the  paraffin  lamps,  and  the 
light  yielded  is  of  course  considerably 
greater. 

The  author  also  points  out  a  curious 
effect  of  the  increasing  use  of  tar  spray 
on  our  roads.  A  few  years  ago  practically 
all  roads  had  a  light  surface,  and  gave  the 
effect  at  night  of  a  white  ribbon  between 
dark  borders.  This  helped  the  driver  to 
keep  to  the  road,  and  enabled  him  to 
distinguish  dark  objects  on  the  road  a 
long  distance  ahead.  Nowadays  the 
tarred  surface  used  is  comparatively  dark, 
so  that  head  lights  of  considerably  greater 
power  are  needed  to  distinguish  such 
objects. 

Illuminated  Signs  on  the  Roadway. 

According  to  the  regulation  of  1852  all 
vehicles  in  France,  except  agricultural 
carts,  must  carry  a  light,  but  their  object 
is  merely  to  call  attention  to  the  position 
of  the  movable  obstruction  consisting  of 
the  said  vehicle  ;  it  is  only  at  the  option 
of  the  owner  if  they  are  sufficiently 
powerful  to  enable  the  driver  to  see  the 
state   of  the   roadway   in   front  of   him. 

The  paper  by  Mons.  E.  Chaix  contains 


a  summary  of  the  regulations  at  present 
in  force  dealing  with  the  lighting  of 
motor  cars,  horse  drawn  vehicles,  bicycles 
and  motor  cycles. 

Mr.  Hansez  (Brussels)  refers  to  similar 
regulations  in  Belgium,  and  also  suggests 
that  drivers  of  cattle  along  the  roadway 
after  sunset  should  carry  a  lantern,  to 
indicate  their  presence  to  the  motorist. 

Similar  regulations  for  vehicles  exist  in 
Germany,  but  Mr.  Fleck  (Dresden)  reports 
that  motor  cars  and  motor  cycles  must 
now  carry  a  light  capable  of  illuminating 
the  road  for  a  distance  of  20  meters. 

A  development  of  interest  to  motorists 
in  France  has  been  the  use  of  luminous 
signposts  on  the  road.  Illuminated 
devices  are  also  used  to  denote  the  Custom 
House  barriers  at  the  entrance  to  a  town. 
The  Custom  House  authorities  are  arrang- 
ing for  the  installation  of  similar  barriers 
carrying  lights  at  the  frontiers  where 
smugglers  have  learnt  to  ply  their  trade 
by  the  use  of  high  speed  motor  cars. 
Level  crossings  are  usually  indicated  by 
either  one  or  two  lanterns,  petroleum  or 
colza  oil  lamps  being  generally  used. 
M.  Tur  recommends  that  in  future  all 
level  crossings  through  which  vehicles 
pass  constantly  should  be  illuminated, 
and  that  more  powerful  lamps  should  be 
used  in  the  case  of  those  that  are  much 
used  by  motor  cars.  He  also  suggests  the 
erection  of  barriers  with  a  square  plate  of 
iron  painted  white,  showing  the  height 
of  the  obstacle. 

There  is  also  room  for  the  more  general 
use  of  illuminated  signs  at  points  in  the 
road  where  special  obstacles,  cross  roads, 
sharp  turns,  bridges  or  steep  hills,  &c., 
occur.  But  any  such  system  of  lights 
should  be  subjected  to  careful  inspection, 
as  the  occasional  extinction  of  the  signals 
might  have  serious  consequences.  The 
use  of  white  paint  to  indicate  obstructions 
is  also  excellent,  especially  in  countries 
where  the  sky  is  rarely  cloudecL  For 
example,  in  Algeria  all  obstructions  on  the 
roadways  are  painted  white,  and  besides 
being  visible  by  the  light  of  the  stars,  are 
very  readily  distinguishable  by  the 
searchlights  of  a  motor  car. 

The  Eastern  Railway  Co.  has  also 
adopted  a  method  of  attaching  ruby 
coloured  lenses  5  centimetres  in  diameter 
on  barriers  at  level  crossings.  These 
lenses   focus   the   beams   of  motor   cars. 
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forming  bright  red  points  of  light.  It  has 
been  suggested,  however,  that  such 
objects  nright  be  mistaken  by  the  drivers 
of  trains  for  railway  signals,  and  that 
therefore  some  other  colour  instead  of  the 
red  should  be  used. 

Mr.  L.  Stransky  (Vienna)  regards  the 
marking  of  all  obstructions,  whether 
temporary  or  permanent,  as  a  most 
important  feature,  and  should  be 
settled  by  international  agreement.  He 
recommends  the  use  of  yellow  lights  for 
this  purpose  so  as  to  avoid  confusion  with 
the  signals  of  railway  companies.     Such 


caution  signals  should  be  placed  200 
metres  in  advance  of  the  obstruction  so 
as  to  give  the  motorist  time  to  pull  up. 
Like  other  speakers,  he  advocates  painting 
all  obstructions  (poles,  trestles,  &c.)  used 
in  read  repair  a  white  colour.  There 
should  also  be  an  appropriate  signal  to 
indicate  when  a  road  is  closed  for  repairs. 
As  regards  the  lighting  of  vehicles,  he 
urges  that  every  vehicle  making  use  of  a 
public  highway  should  carry  at  least  two 
white  lights,  so  arranged  as  to  indicate 
the  width  of  the  vehicle.  There  should 
also  be  a  tail  lamp  with  a  blue  glass. 


A   NOVEL  SUGGESTION   FOR   STREET  PHOTOMETRY. 


The  question  of  the  best  method  of 
measuring  illumination  in  the  streets  has 
been  much  discussed.  It  is  generally 
admitted  that  to  measure  in  a  vertical 
plane  is  hardly  practicable  for  general  pur- 
poses, since  the  result  obtained  would 
depend  so  greatly  on  what  particular 
plane  is  selected.  The  horizontal  plane 
has  the  unique  advantage  of  automatically 
adding  up  the  illumination  from  all  the 
lamps  in  the  neighbourhood  ;  whereas  a 
vertical  plane  might  be  illuminated  by 
some  lamps  and  not  by  others.  On  the 
other  hand  it  has  sometimes  been  con- 
tended that  what  we  chiefly  need  in 
street  lighting  is  a  good  vcL-tical  illumina- 
tion, e.(j.,  enough  light  to  read  notices,  to 
distinguish  the  sidts  of  vehicles,  and  to 
recognise  the  faces  of  acquaintances. 

It  has  sometimes  been  urged  that  if 
one  could  contrive  some  form  of  "  inte- 
grating screen."  taking  account  of  the 
illumination  in  a  number  of  planes,  we 
should  get  a  better  result  still — or  at 
least  a  result  which  approached  still  more 
closely  to  the  practically  illuminating 
effect  at  the  point  studied.  Something 
of  this  kind  has  been  sugcfested  by  Mr. 
A.  H.  Ford  in  a  recent  paper  before 
the  American   Illuminating   Engineering 


Society.  Instead  of  a  flat  screen,  he  has 
tried  using  a  translucent  block  of  paraffin 
wax,  and  also  a  small  hemisphere  com- 
posed of  alba  glass,  which  is  viewed 
through  a  surface  brightness  photometer. 
The  bightness  of  such  a  hemisphere, 
he  points  out.  would  depend  both  on 
the  vertical  and  horizontal  illumination. 
With  the  translucent  glass  hemisphere  for 
ex.imple  the  fact  of  some  light  being 
transmitt3d  into  the  interior  should  tend 
towards  an  even  brightness  all  over, 
and  thus  approaching  automatically  an 
average  value.  On  the  other  hand,  Dr. 
Sharp,  in  discussing  this  paper,  pointed 
out  that  the  readings  obtained  with  a 
translucent  hemisphere  of  this  kind  would 
depend  on  the  material  used  and  would 
be  of  a  distinctly  "  arbitrary  '  character. 

Measurements  in  a  horizontal  plane 
mav  not  be  ideal,  but  they  do  at  least 
represent  a  definite  physical  quantity. 

^Ir.  Ford's  suggestion  is  an  interesting 
one,  and  seems  to  deserve  investigadon. 
Curiously  enough,  a  very  similar  method 
is  suggested  by  a  correspondent  in  this 
number  (see  p.  471)  ;  in  this  case,  how- 
ever, an  estimate  of  the  brightness  of  a 
solid  white  sphere,  about  the  size  of  a 
tennis-ball,  was  recommended. 
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STREET    LIGHTING. 

(A  Keport  presented  at  the  Conventiox  of  the  National  Electric  Light 
Association  held  at  Chicago,  June  2nd — 6th,  1913.) 


The  development  of  the  many  types  of 
.street  illuminants  and  the  development 
of  the  art  of  street  illumination  have  been 
so  rapid  as  to  introduce  a  number  of 
complex  elements  into  the  problem  of 
street  lighting  contracts.  Contractual 
clauses  which,  when  accepted,  were  fair 
to  all  parties  concerned  and  which  would 
have  resulted  in  satisfactory  fulfilment  of 
all  terms  of  the  contract  under  previously 
existing  conditions,  have  proven  un- 
satisfactory and  have  sometimes  led  to 
controversy  and  even  to  litigation  due  to 
the  introduction  of  new  illuminants  and 
of  new  conditions.  So  general  is  the 
recognition  of  this  fact,  and  so  numerous 
have  been  the  questions  raised  between 
municipalities  and  central-station  com- 
panies, that  not  only  in  this  country,  but 
also  abroad,  there  has  arisen  a  strong- 
demand  for  some  authoritative  and 
generally  acceptable  pronouncement 
which  may  be  adopted  in  street  lighting 
.specifications  in  order  to  make  clear  and 
definite  the  fundamental  basis  of  the 
contract  while  conserving  with  fairness 
the  interests  of  both  parties  to  the 
contract,  and  providing  for  an  equitable 
distribution  of  the  benefits  accruing  from 
progress  in  the  ait. 

In  considering  the  problem  of  street- 
lighting  contracts,  your  Committee  has 
had  occasion  to  review  the  developments 
of  recent  years  and  has  concluded  that  it 
would  be  of  interest  and  value  to  incor- 
porate such  a  review  in  its  report. 
Accordingly,  the  present  report  is  divided 
into  three  parts  as  follows  : — 

1.  Brief  review  of  the  history  of  street 
lighting  specifications. 

2.  Brief  discussion  of  the  various 
measures  of  illuminating  power  of  street 
lamps  which  have  been  proposed  from 
time  to  time. 

3.  Recommendations  of  the  Committee 
regarding  contractual  basis  for  street 
lighting. 

Historical  Sketch. 

Early  attempts  at  photometry  quite 
naturally  took  the  form  of  measurements 
of  light  intensity  in  some  single  direction. 


Illuminants  which  antedated  electric 
lamps  were  rated,  if  at  all,  in  terms  of 
unidirectional  light  intensity.  Those 
interested  in  the  manufacture  and  supply 
of  such  illuminants  naturally  sought  for 
rating  purposes  the  angle  and  direction 
in  which  highest  intensity  could  be 
realised.  The  construction  of  early  forms 
of  photometers  tended  to  standardise  the 
horizontal  plane  of  illuminants  for  photo- 
metric purposes.  Photometry  prior  to 
the  advent  of  commercial  forms  of  electric 
lamps  was  largely  restricted  to  tests  of 
the  candle-power  of  illuminating  gas  and 
in  the  gas  industry  candle-power  normal 
to  the  plane  of  the  flame — which  is  to 
say  maximum  candle-power — had  become 
standardised. 

When  commercial  rating  of  incandescent 
electric  lamps  was  first  undertaken,  it 
became  the  accepted  standard  practice  to 
make  the  measurements  in  a  direction 
which  would  yield  an  approximation  of 
the  mean  horizontal  candle-power.  It 
will  be  seen,  therefore,  that  from  the  very 
beginning  the  electric  lighting  industry 
voluntarily  placed  itself  at  some  dis- 
advantage as  compared  with  its  rival  by 
adopting  as  a  standard  of  measurement 
the  mean  horizontal  candle-power  of  the 
illuminant,  instead  of  the  maximum 
candle-power. 

In  early  attempts  to  deterinine  the 
candle-power  of  arc  lamps  it  became  the 
established  practice  that  ratings  should 
be  based  upon  determinations  of  maxi- 
mum candle-power  in  a  particular 
direction.  In  the  determinations  of  such 
candle-power  values  experimenters  had 
to  deal  with  a  new  form  of  illuminant  of 
much  higher  power  than  any  before 
employed  and  with  unsteady  light  differ- 
ing in  colour  from  prevalent  light  sources 
to  an  extent  not  before  experienced  in 
con^mercial  lighting  practice.  It  was  but 
natural  under  such  circumstances  that 
there  should  be  a  wide  diversity  of 
experimental  results  and  that  those  inter- 
ested in  the  commercial  success  of  the 
arc  lamp  conformed  to  the  prevailing 
practice  in  adopting  the  higher  maximum 
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candle-power  values  rather  than  the  lower 
average  values  in  referring  to  the  illumin- 
ating power  of  the  arc  lamp. 

The  earh^  "  2,000  candle-power  "  value 
having  been  derived  through  crystalliza- 
tion of  opinion  based  upon  the  photo- 
metric experiments  of  several  observers 
found  its  way  into  certain  street  lighting 
contracts  and  became  established  in  the 
ait  in  a  way  which  led  to  numerous  well- 
known  difficulties  in  later  years  when 
other  electrical  illuminants  became  avail- 
able. At  the  present  time  the  best 
available  information  as  to  the  average 
candle-power  values  of  the  9"6  ampere 
series  direct-current  open  arc  lamp  con- 
suming 450  watts  at  the  arc  is  as  follows : — 

Mean   spherical   candle-power,   375   to 

450. 
Corresponding  total  light  flux,  4,714  to 

5,656  lumens. 
Maximum    intensity,    about    45    deg. 

below  horizontal,"  900  to  1,200  cp. 

It  is  believed  that  these  average  values 
are  typical  of  substantially  the  same 
type  of  lamp  which  was  known  in  the 
earlier  years  as  the  nominal  2,000  candle- 
power  arc  lamp.  Attention  is  called  to 
the  fact  that  these  as  stated  are  average 
values.  It  is  true  that  individual  maxi- 
mum values  have  been  obtained  which 
reach  under  favourable  conditions  values 
as  high  as  2,000  candle-power. 

In  1894  the  National  Electric  Light 
Association,  upon  the  recommendation 
of  a  committee  on  rating  of  arc  lamps, 
adopted  the  following  resolution  : — 

"  Recognising  the  difficulty,  if  not  impossi- 
bility of  measuring  with  any  degree  of  accuracy 
the  illuminating  power  of  the  arc  lamp,  and  the 
great  necessity  for  a  more  precise  definition  and 
statement  of  the  obligations  of  the  producer  of 
electricity  for  illuminating  purposes  to  the 
consumer  thereof,  be  it 

"  Resolved,  That  in  the  opinion  of  this 
convention  what  is  ordinarily  known  as  a  2,000 
candle-power  arc  lamp  is  one  requiring  on  the 
average  450  watts  for  its  maintenance,  the 
measurements  being  made  at  the  lamp  terminals, 
where  no  seasible  resistance  is  included  in  series 
with  the  arc." 

This  resolution  was  of  value  in  defining 
the  direct-current  9*6  ampere  '"  full  arc  " 
and  constituted  a  fair  and  easily  verified 
specification  as  far  as  that  type  of  lamp 
was  concerned . 

Later  the  development  of  other  types 
of  arc   lamps   having   different   qualities 


created  a  demand  for  some  more  compre- 
hensive and  flexible  specification  to  serve 
as  a  basis  of  contract.  This  need  has 
been  felt  keenly  during  the  past  few  years- 
and  a  number  of  attempts  have  been 
made  to  meet  it.  Prominent  efforts  in 
this  direction  may  be  briefly  summed  up 
as  follows  : — 

In  1906  the  Photometric  Committees  of  the 
Verband  Deutscher  Elektrotechniker  and  of  the  ■ 

Vereinigung   der    Elektrizitats-Werke    reported         ■ 
certain  proposals  for  the  rating  of  arc  lamps.  ^ 

These  were  revised  in  1907  and  adopted.  The 
basis  of  rating  is  the  mean  lower  hemispherical 
intensity  with  clear  globes,  this  being  accom- 
panied by  the  coefficient  b}^  which  such  value 
must  be  multiplied  to  obtain  the  mean  spherical 
inteasity.     . 

A  further  standardization  rule  promulgated 
by  th(^  Verband  Deutscher  Elektrotechniker 
approves  for  study  of  street  illumination  the 
determination  of  the  mean  horizontal  illumin- 
ation intensity  one  metei  above  the  street  level,, 
this  being  accompanied  by  statements  of  the 
maximum  and  minimum  intensities  in  order  to- 
indicate  the  uniformity. 

In  100(i  1907  the  National  Electric  Light 
Association  ap])ointed  a  "  Committee  to  Con- 
sider Specifications  for  Street  Lighting."  At 
the  1907  convention  this  Committee  submitted 
a  well-considered  discussion  of  the  problem  of 
street  lighting  with  special  reference  to  its 
contractual  phases  and  advanced  the  view  that 
some  measure  of  the  illuminating  value  of  street 
lamps  should  be  adopted  in  street  lighting 
specifications  and  suggested  for  use  in  arc 
lighting  specifications,  the  mean  noi'mal  illumin- 
ation produced  by  a  particular  lamp  in  the 
street  at  the  height  of  the  observer's  eye  and  at 
a  distance  of  not  less  than  200  and  not  more 
than  300  feet  from  a  point  immediately  below 
the  lamp. 

At  the  annual  convention  in  190S  the  relative 
rating  of  several  types  of  arc  lamps  on  the  basis 
indicated  in  the  report  of  the  1907  Committee 
was  reported  by  Mr.  Ryan  on  behalf  of  the 
Committee.  No  data  for  other  street  illumi- 
nants were  adduced.  The  practical  effect  of  the 
specifications  recommended  by  the  1907-1908^ 
Committee  was  a  ratine  of  lamps  in  terras  of 
light  intensity  in  one  direction  at  an  angle 
approximating  ten  degrees  below  the  horizontal. 
However,  the  r<'commendation  has  not  been 
ado])ted  extensively  in  street  lighting  contracts 
so  that  it  is  impracticable  to  report  upon  its 
merits  as  a  solution  of  the  general  problem. 
With  the  advance  in  the  study  of  the  problem 
of  street  lighting  Avhich  has  been  made  since 
1908.  it  a])pears  to  have  become  generally  felt, 
in  this  country,  that  such  specification  docs  not 
offer  the  best  solution  of  the  ]iroblem  and  that 
some  other  more  promising  basis  must  be 
developed. 

As  &.  result  of  discussion  of  street  lighting  of 
the  Institution  of  Electrical  Engineers  in 
London  in  1910,  a  committee  was  appointed 
to  draft  standard  clauses  for  inclusion  in  a 
specification  for  street  lighting.  This  was  a 
joint   committee   composed   of   representatives 
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ot  the  Institution  of  Elcotrical  Engineers,  the 
Institution  of  Gas  Engineers,  the  Institution  of 
Munieipal  and  County  Engineers  and  the 
Ilhiminating  Engineering  Society.  This  Com- 
mittee has  prepai'ed  a  report  recommending 
certain  clauses  for  street  .specifications  which 
were  embodied  in  a  pajjcr  presented  by  Mr. 
A.  P.  Trotter  before  a  meeting  of  the  Illuminating 
Engineering  Society  in  London  on  April  15tli, 
1913.  The  purpose  of  this  presentation  was 
to  afford  an  opportunity  for  discu.ssion  of  the 
proposals  and  the  paper  elicited  so  much 
discussion  that  an  adjourned  session  on  April 
20th  was  necessary.  These  tentative  proposals 
recommend  a.s  a  basis  of  street  lighting  contracts 
the  determination  of  minimum  horizontal 
illumination  3  ft.  3  in.  above  the  ground  for  all 
street  lighting  in  which  the  minimum  is  at  least 
0-01  foot-candle.  In  street  lighting  having 
lower  minima,  the  contract  basis  is  to  be  the 
candle-power  measured  in  the  direction  of  the 
thoroughfare  at  an  angle  10  degrees  below  the 
horizontal  plane  of  the  illuminant. 

Such,  in  brief,  is  the  recent  history  of 
the  street  lighting  contract  problem. 
The  need  for  the  establishment  of  accept- 


Aniong  these  may  be  found  expressed  the 
views  of  central-station  company  repre- 
sentatives, both  electric  and  gas,  the 
views  of  municipal  engineers,  of  photo- 
metrists  and  of  illuminating  engineers. 
The  more  prominently  favoured  proposals 
of  measures  of  street  illumination  are 
reviewed  briefly  below  in  ordei'  to  present 
to  the  member  companies  a  compendium 
of  the  subject. 

Measures  of  Street  Lamps  and  Street 

Lighting — Including  Both  Those 

Which  Have  Been  Adopted  in 

Certain  Instances  and  Others 

Which  Have  Been  Proposed 

FROM  Time  to  Ti.me. 

Measures  based  upon  tests  of  lamps. 

1.   Unidirectional  Light  Intensity. 

Instances — 2000-cp.  for  "  full  arc "  in 
direction  of  maximum  intensity,  as  generally 
acce]ited  in  early  years  of  arc  lighting. 


\nsaTICAL  DISTEIBWION  OF  LICaiT 
TWO  UJMINOUb  ARC  LAilPS. 
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Fig.   L— Showing  the  ineciuality  of  a  system  of  "  unidirectional  "  rating  of  street  Umps. 


able  specifications  is  felt  more  generally 
than  ever  before  and  no  one  of  the 
specifications  which  has  been  proposed 
appears  to  meet  with  general  acceptance. 

Measures     of     Illuminating     Power 

WHICH  have  been  PROPOSED. 

The  street  lighting  problem  comlvines 
important  commercial  considerations  with 
a  number  of  very  interesting  technical 
problems.  In  consequence  much  atten- 
tion has  been  given  in  recent  years  to  the 
solution  of  the  problem,  and  the  literature 
is  replete  with  discussions  of  the  subject. 


Normal  illumination  intensity  200  to  300  feet 
from  the  lamp,  a.s  ]>ro])osed  by  1U07-8  N.  E.  L.  A. 
Street  Lighting  Committee. 

Such  ratings  are  likely  to  be  found  objection- 
able in  that  they  conduce  to  the  advantage  of 
some  ])artictilar  illuminant  and  to  the  dis- 
advantage of  illuminant  s  whose  light  distribution 
characteristics  are  less  favourably  adajitcd  t<» 
high  rating  in  the  jjarticular  direction  I'hosen. 
There  is  no  one  direction  wiiicli  may  be  counted 
u))on  to  afford  a  reliable  indication  of  the 
illuminating  ])ower  of  all  illuminants. 

A  rating  based  upon  light  intensity  in  a 
jiarticular  direction  is  liable  to  mislead  i)ecau.se 
of  minor  irrctiulavities  in  the  e(|uipmcnt  of 
illuminants.  For  exam])le,  the  old  open  arc 
lamp  presented  a  light  source  of  extremely 
small   area.     Imperfections    in   the  clear  glass 
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globes  which  were  employed  in  standard  practice 
resulted  in  marked  striations  of  alternately 
high  and  low  light  intensities.  In  a  unidirec- 
tional rating,  such  as  that  referred  to  in  the 
.second  instance,  the  resultant  evaluation  of  a 
particular  lamp  might  vary  from  25  to  200  per 
cent,  of  the  average  value,  being  dependent 
upon  the  accidental  location  of  the  photometer 
in  either  a  bright  or  a  dim  area. 

As  a  second  example  of  the  objectionable 
nature  of  a  unidirectional  rating.  Fig.  1  is 
presented.  This  shows  curves  of  vertical  light 
distribution  about  two  early  forms  of  luminous 
arc  lamps.  The  distribution  of  the  one  is  such 
as  to  secui'e  a  very  favourable  rating  under  the 
1907-8  N.  E.  L.  A.  rules  which  deal  exclusively 
with  light  delivered  a  few  degrees  below  the 
horizontal.  The  second  lamp  (of  a  type  long 
since  abandoned)  was  equipped  with  a  clear 
glass  globe  of  improper  design  whose  curvature 
led  to  strong  refraction  of  the  light  in  the 
critical  direction.  In  consequence,  the  second 
lamp,  though  giving  considerably  more  light 
than  the  first,  was  rated  as  of  only  slightly  more 
than  half  the  illuminating  power. 

A  4-ampere  luminous  arc  lamp  gives  six  or 
seven  times  as  much  total  light  as  a  50-cp. 
incandescent  lamp.  To  cite  a  third  example. 
Sharp*  has  designed  a  reflector  for  street  lighting 
which  under  the  rating  procedure  just  referred 
to  would  enable  a  50-cp.  incandescent  lamp  to 
receive  a  rating  of  25  per  cent,  higher  than  a 
4-ampere  luminous  arc  lamp. 

ThiLs  it  appears  that  any  unidirectional  rating 
is  inadvisable  because:  (1)  it  does  not  afford 
a  satisfactory  comparison  of  illuminants  whose 
natural  light  distribution  characteristics  differ ; 
because  (2)  it  is  liable  to  undue  influence  in 
coasequence  of  equipment  irregularity ;  and 
because  (3)  it  points  the  way  to  manipulation  of 
the  light  with  a  view  to  re-enforcement  in  that 
particular  direction,  irrespective  of  the  illumin- 
ating effect  elsewhere. 

2.  Rating      hy     Light      hitensity     in     a 
Particular  Plane. 

IssTAXCE — Mean  horizontal  candle-power 
which  is  the  general  basis  of  rating  for  incan- 
descent lamps. 

At  the  present  time  the  rating  of  incandescent 
lamps  in  terms  of  mean  horizontal  candle-power 
is  a  source  of  constant  difficulty  to  lamp 
engineers.  In  ignoring  the  intensities  in  other 
directions,  difficulties  are  encountered  in 
standardizing  lamp  efficiencies  and  filament 
tempei'atures  whenever  alterations  in  the  con- 
struction or  new  types  of  lamps  are  introduced. 
This  form  of  rating  has  left  the  way  open  to 
serious  misunderstandings  growing  out  of 
changes  in  shape  of  lamp  filaments  in  order  to 
alter  the  light  distribution  and  serve  some 
particular  piirpose.  In  the  incandescent  lamp 
industry  this  difficulty  has  become  generally 
recognised  and  all  lamp  ratings  in  mean  hori- 
zontal candle-power  are  now  accompanied  by 
corresponding  relative  values  of  total  light  flux. 
Ratings  by  inteasity  in  a  particular  plane  are 

•  I.  E.  S.  Trans.  Vol.  v,  page  375,  1910. 


open  in  a  lesser  degree  to  most  objections  urged 
against  ratings  by  intensity  in  a  particular 
direction. 

3.  Rating  hy  Mean  Intensity  Throughout 
a  Particular  Zone. 

Instance — Recommendation  of  Photometric 
Committee  of  Verband  Deutscher  Electro- 
techniker  for  rating  of  arc  lamps  in  terms  of 
mean  lower  hemispherical  intensity,  with  refer- 
ence factor  to  yield  mean  spherical  intensity. 

Such  ratings  are  preferable  to  those  described 
above,  but  leave  considerable  to  be  desired  in 
that  they  too  are  open,  though  in  a  lesser 
degree,  to  redirection  of  light  into  the  stipulated 
zone,  more  with  a  view  to  securing  a  high 
rating  than  with  a  view  to  securing  the  most 
acceptable  form  of  light  distribution.  Manu- 
facturers of  illuminants  which  distribute  light 
largely  within  the  lower  hemisphere,  for  example, 
are  inclined  to  favour  a  lower  hemispherical 
candle-power  rating.  For  many  kinds  of  street 
lighting  such  a  rating  has  much  to  recommend 
it.  The  action  in  Germany  adopting  this  basis 
of  rating  for  street  illuminants  was  well  con- 
sidered, but  it  is  gratifying  to  note  that  a 
reduction  factor  by  which  to  obtain  the  mean 
spherical  candle-power  was  stipulated,  thereby 
safeguarding  a  mean  lower  hemispherical  rating. 

4.   Watts. 

Instances — Recommendation  of  1894  Com- 
mittee of  National  Electric  Light  Association. 

Practice  of  .\merican  and  English  incandescent 
lamp  manufacturers  in  rating  incandescent 
electric  lamps. 

The  wattage  rating  for  arc  lamps  was  adopted 
in  1894  in  order  to  identify  a  particular  type  of 
lamp.  It  served  its  purpose  well,  1)ut  was 
only  a  means  to  an  end  and  not  a  real  basis  of 
rating  illuminants.  A  rating  based  on  watts 
alone  is  not  likely  to  be  proposed  in  the  future, 
though  as  one  of  a  number  of  items  specified,  it 
is  not  to  be  neglected.  In  the  incande-cent 
lamp  field  the  rating  by  watts  serves  the  purpose 
chiefly  of  identifying  a  given  size  of  lamp  and 
does  not  purport  to  he  an  ultimate  rating  except 
as  a  means  to  the  end  of  indicating  the  candle- 
power  which  in  contemporary  rating  corresponds 
with  the  stated  watts. 

5.  Miscellaneous. 

Instance — Abady,  Electrical  Engineer,  June 
16th,  1910;  Edgecomb,  Electrician,  June  20th, 
1913.  Mean  of  candle-power  intensities  respec- 
tively 20  and  50  degrees  below  the  horizontal, 
this  being  taken  to  afford  a  fair  approximation 
of  the  mean  lower  hemispherical  candle-power. 

This  appears  to  be  an  attempt  to  rate  lamps 
in  terms  of  mean  lower  hemispherical  candle- 
power  by  emploj'ing  street  tests  to  approximate 
that  value. 

Measures  based  on  tests  op 
illumixation. 

In  general,  these  measures  vary  with 
respect  to  :    (a)  Height  above  gi-ound  at 
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which  determination  is  made  ;  (b)  inclin- 
ation of  ilhxminated  surface  during  test  ; 
(c)  aspect  relied  ujion  as  a  criterion  ; 
that  is,  average  intensity,  minimum 
intensity,  etc. 

Such  measurements  generally  deal  with 
the  total  light  which  impinges  upon  the 
test  surface  irrespective  of  its  som'ce. 
Usually  such  a  value  is  the  sum  of  the 
light  received  directly  from  a  number  of 
lamps,  plus  light  reflected  from  surround- 
ing objects. 

6.  Normal  Illumination  at  Heights 
Varying  frotn  3  to  6  feet  Above 
Street  Level. 

In  such  measurements  the  test  surface  is 
variously  inclined  in  order  to  make  its  plane  at 
all  times  pei])endicular  to  the  direct  light  from 
the  nearest  illuminant  in  one  direction.  If  such 
test  surface  is  screened  from  all  other  light,  the 
measurement  yields  the  candle-power  of  the 
lamp  when  the  illumination  intensity  is  multi- 
plied by  the  square  of  the  distance.  Normal 
illumination  intensities  arc  usually  higher  as 
to  numerical  average  than  either  horizontal  or 
vertical  illumination  intensities.  The  basis  for 
such  a  measure  is  found  usually  in  the  consider- 
ation that  objects  on  the  street  are  brightest 
when  viewed  by  light  which  is  incident  perpen- 
dicular to  their  surface,  and  that  the  normal 
illumination  is  therefore  the  best  indication  of 
the  illuminating  value.  The  method  is  some- 
times endorsed  because  the  values  midway 
between  lamps  are  higher  than  those  encoimtered 
in  measurement  of  horizontal  illumination  and 
are  therefore  less  liable  to  photometric  in- 
accuracy. 

7.  Vertical  Illumination. 

Considerations  underlying  vertical  illumina- 
tion as  a  measure  of  street  lighting  effectiveness 
appear  to  be  that  most  objects  viewed  in  the 
street  present  more  or  less  vertical  surfaces. 

8.  Illumination    on    Surface    Inclined    at 

Angle  of  45  Degrees.* 

Such  measurement  appears  to  be  a  sort  of 
a  compromise  between  the  vertical  and  the 
horizontal. 

9.  Horizontal  Illumination. 

Instances — Standard  method  recommended 
by  the  Verband  Deutscher  Elektrf)tcchniker. 

Tentative  recommendation  of  joint  committee 
in  England. 

The  horizontal  illumination  ai)pears  to  be 
more  generally  favoured  than  any  ot  her  measure. 
It  shows  the  combined  illuminating  effect  of 
lamps  in  both  directions,  which  no  other  measure 
accomplishes.     It  leads  to  a  determination  of  the 


•  Harrison — Proceediiigs  of   Institution   of  TSleotrical 
Engineers,  Dec.  12,  1905. 


total  flux  of  light  upon  the  street  which  is  a 
valuable  quantity  in  gauging  street  illumination. 
Small  illuminants  mounted  low  appear  least 
favourably  when  rated  upon  this  basis  and  the 
advocates  of  such  illuminants  therefore  are 
usually  opposed  to  this  method. 

Irrespective  of  the  inclination  of  the 
photometric  surface  m  tests  of  street 
illumination,  there  is  a  large  variation  in 
the  choice  of  values  to  serve  for  rating 
purposes.  The  average  intensity  through- 
out the  street  is  regarded  by  many  as  the 
most  desirable  quantity — others  prefer 
the  minimum  intensity,  arguing  that  if 
the  minimum  is  high  enough,  the  street 
lighting  is  satisfactory.  Still  others  feel 
that  the  average  intensity  associated  in 
some  way  with  the  uniformity  of  the 
lighting  should  be  the  basis  of  judgment. 
Without  venturing  an  opinion  at  this 
time  as  to  the  most  desirable  general 
basis  of  illumination  study,  it  may  be 
said  that  the  minimum  intensity  is 
regarded  as  undesirable,  being  open  to 
many  of  the  objections  urged  against  a 
unidirectional  form  of  rating,  and  not- 
affording  a  fair  measure  of  the  value  of 
the  street  lighting  service. 

This  brief  review  of  the  history  of 
street  lighting  specifications  and  of  pro- 
posed measures  of  lamps  and  illumination 
presents  the  problem  of  street  lighting 
specifications  in  all  its  complexity. 
Among  its  principal  features  will  be 
noted  an  official  pronouncement  in  Ger- 
many and  tentative  recommendations 
now  under  discussion  in  England.  These 
two  bases  differ  radically,  and  it  will  be 
seen  later  that  both  differ  from  the 
recommendations  which  your  Committee 
has  to  make.  Furthermore,  the  Com- 
mittee reports  in  Germany  and  in  England 
do  not,  by  any  means,  represent  unani- 
mous conclusions  in  those  countries. 
The  printed  record  contains  considerable 
objections  to  the  Committee  reports  on 
the  part  of  engineers  in  each  country. 

It  is  evident  that  one  reason  why  no 
acceptable  solution  of  the  problem  has 
been  found  is  the  great  uncertainty  which 
exists  in  regard  to  the  fundamental 
nature  of  the  problem.  The  basic 
principles  of  street  illumination  have 
not  been  thorouglily  established.  Such 
diversity  of  opinion  could  hardly  exist 
in  regard  to  measures  of  street  illumin- 
ation if  the  quantity  to  be  measured 
were    established    beyond    peradventnre. 
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The  simple  fact  is  that  to-day  study  of 
street  ilhimination  has  not  proceeded  far 
enough  to  enable  even  the  most  expert 
consideration  to  formulate  a  correct 
measure  or  standard  of  its  cffec-tiveness. 
In  the  opinion  of  your  Committee,  the 
time  is  not  ripe  for  an  attempt  to  establish 
ji  standard  specification  for  street  lighting 
in  which  some  simple  and  direct  meapure 
of  street  lighting  effectiveness  may  be 
embodied. 

Before  it  will  become  practicable  to 
draft  street  lighting  specifications  based 
upon  illuminating  effect,  extensive  in- 
vestigation of  street  lighting  will  probably 
have  to  be  carried  out.  It  remains  to  be 
determined  what,  if  any,  measure  of 
street  illumination  may  be  applied  to  all 
systems  of  street  lighting  in  a  way  to 
indicate  the  relative  illuminating  effective- 
ness of  each  system  and  to  show  systems 
of  different  kinds  to  have  equal  illumin- 
ating value  when  similar  streets  lighted 
by  the  respective  equivalent  systems  are 
equally  well  illuminated. 

The  review  suggests  a  further  con- 
sideration which  your  Committee  ui-ges 
upon  your  attention  as  being  a  funda- 
mentally important  step  toward  elimin- 
ating much  of  the  existing  confusion.  It 
is  that  the  best  means  of  studying  street 
illumination  and  arriving  at  the  relative 
■illuminating  value  of  ttvo  different  installa- 
tions is  not  necessarily  the  best  method  of 
.specifying  the  street  lighting  service  which 
the  street  lighting  contractor  undertakes  to 
give  and  the  municipality  agrees  to  pur- 
chase. At  this  point  there  must  be  a 
fundamental  division  of  consideration. 
We  have  here  two  separate  and  distinct 
problems.  In  the  first,  that  of  deciding 
among  several  different  systems  of  lighting 
and  arriving  at  the  best  arrangement  of 
the  system  selected,  the  purpose  of 
street  lighting  must  be  considered,  the 
fundanrental  principles  of  street  illumin- 
ation must  be  studied  and  an  effort  must 
be  made  to  gauge  the  extent  to  which 
these  are  accomplished.  Consideration 
must  be  given  to  such  questions  as  height, 
spacing,  power  of  lamps  and  globes  or 
reflectors.  The  surroundings  and  char- 
acter of  the  street  must  be  considered, 
and  it  is  important  to  know  the  illumin- 
ating intensity,  maximum,  minimum  and 
average,  the  uniformity,  the  amount  of 
t^lare,  the  colour  of  light,  &c. 


In  the  second  problem,  that  of  providing 
a  means  of  proving  fulfilment  of  con- 
tractual obligations,  it  is  necessary  to 
consider  only  the  simplest  and  most 
reliable  means  of  determining  if  the 
contractor  is  giving  the  stipulated  and 
specified  service.  It  would  be  desirable 
in  some  respects  to  have  the  same  tests 
serve  both  purposes,  but  there  is  no 
necessaiy  connection  or  relation  between 
the  two.  For  purposes  of  contract 
specifications,  two  steps  are  necessary. 

(1)  Specify  and  describe  lamps  beyond 

chance  of  misunderstanding  and 
describe  in  detail  operating  prac- 
tice. 

(2)  Prescribe    and    provide    means    of 

establishing  the  fact  that  the 
lighting  equipment  and  that  the 
operating  practice  are  those  agreed 
upon. 

It  will  be  clear  that  many  of  the 
difficulties  which  have  been  encountered 
in  endeavouiing  to  airive  at  a  suitable 
basis  for  standard  street-lighting  specifi- 
cations are  the  outgrowth  of  the  view 
tl'.at  the  test  of  street  illumination  which 
most  accurately  measures  the  illuminating 
value  of  the  service  is  the  test  which 
should  be  applied  in  order  to  prove  actual 
fulfilment  of  contract  specifications.  Your 
Committee  draws  especial  attention  to 
this  aspect  of  the  problem,  regarding  the 
removal  of  this  impression  as  a  matter  of 
first  importance. 

RECOMMENDATIONS  OF  COMMITTEE. 

Conditions  have  not  permitted  your 
Committee  to  undertake  during  the  past 
year  the  needed  investigations  of  street 
illumination  preparatory  to  recommend- 
ing street  lighting  specifications  covering 
the  study  of  sti'eei-  illumination,  the 
comparison  of  different  systems  as  to 
effectiveness  and  the  many  other  inter- 
esting and  practical  problems  which  need 
to  be  solved  in  order  to  contribute  to 
the  best  development  of  the  street  lighting 
art.  Your  Committee  has,  however, 
deliberated  upon  the  other  more  imme- 
diate and  pressing  question  of  proposing 
a  reliable  and  simple  basis  for  street 
lighting  contracts  which  shall  be  definite, 
free  from  ambiguity,  sufficiently  com- 
prehensive to  include  all  types  of  street 
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illuminants,  and  sufficiently  flexible  to 
fa.'ilitate  the  substitution  of  newei, 
superior  illuminants  when  available  as 
alteriiatives  in  place  of  those  specifietl  in 
the  contract. 

Referring  in  general  to  those  proposals 
^vhich  involve  photometry  in  the  street, 
under  actual  operating  conditions,  it  is 
the  judgment  of  youi  Committee  that 
they  should  not  be  recommended  at  this 
time.  Conditions  for  photometry  are 
naturally  much  less  favourable  in  the 
street  than  in  a  \\  ell-equipped  testing 
laboratory.  Portable  photometric  a]jpar- 
atns  is  usually  of  a  lower  precision  than 
high-grade  laboratory  apparatus.  The 
relative  inexpensiveness  of  portable  test- 
ing apparatus,  which  makes  it  generally 
available,  enables  even  the  inexperienced 
to  make  photometric  measurements  of 
a  character  to  give  general  results  or 
approximations.  Only  the  most  expert 
methods,  however,  can  produce  accurate 
results  on  which  to  predicate  and  decide 
upon  the  fulfilment  of  contractual  oliliga- 
tions.  Therefore,  while  emph.isising  the 
importance  of  portable  photometric 
apparatus  used  under  careful  restrictions 
by  competent  photometvists  for  the 
determination  of  the  illumination  pro- 
duced and  a  study  of  its  intensity  and 
distribution  with  a  view  to  selecting  the 
best  system  and  securing  the  most 
favourable  location  and  equipment  of 
illuminants,  it  has  been  deemed  wise  to 
recommend  as  a  basis  for  determining 
upon  compliance  with  contract  require- 
ments only  laboratory  tests,  where  better 
assurance  can  be  given  of  approved 
apparatus  and  methods,  and  of  expert 
photometry.  The  only  exception  which, 
in  the  opinion  of  your  Committee,  should 
be  made  to  this  recommendation,  is  in 
the  case  of  such  illuminants  as  cannot 
be  removed  from  the  street  to  a  suitable 
laboratory  and  theie  operated  in  such 
a  manner  as  to  reproduce  with  substantial 
accuracy  the  actual  service  operating 
conditions. 

The  Committee  recommends  the  follow- 
ing procedure  in  drafting  street  lighting 
contracts.  Assuming  tliat  decision  has 
been  reached  as  to  the  type  of  illuminiint 
•which  it  is  proposed  to  use  : 

(1)  Describe  the  lamp  which  is  pro- 
posed, including  in  the  description 
electrical    values    (volts,    ampc-res 


and  watts)  and  total  light  flux 
(lumens)  or  mean  spherical  candle- 
power,  employing  well-authenti- 
cated conservative  values  repre- 
sentative of  the  performance  of  the 
lamps  under  the  conditions  of 
service  contemplated. 

(2)  Describe    the     equipment    to    be 

supplied  with  the  lamps,  including 
type  of  globe,  reflector,  if  any,  &c. 

(3)  Specify   reasonable   average   limits 

to  be  allowed  above  and  below  the 
representative  values  of  light  flux 
given  in  the  description  to  allow 
for  inherent  variables  and  test 
inaccuracies  which  are  beyond  the 
control  of  the  contracting  company. 

(4)  Provide  for  basis  of  substitution  of 

other  t^'pes  of  illuminants  for  those 
specified,  either  lamps  of  equiv- 
alent illuminating  value  having 
other  characteristics,  or  lamps  of 
difterent  illuminating  values,  in 
order  to  provide  for  progress  in  the 
art  during  the  term  of  the  contract. 

(5)  Prescribe  the  method  of  test  of  the 

circuit  while  in  actual  operation  to 
determine  the  conditions  of  current 
supply  as  found  under  actual 
operatins  conditions  on  the  system. 

(6)  Prescribe  jirocedure  for  proving  ful- 

filment of  contract  in  respect  to 
illuminating  qualities  of  lamps, 
including  therein  the  selection  for 
testing  in  a  properly  equipped 
testing  laboratory  and  under  the 
operating  conditions  as  found,  of 
a  reasonable  number  of  lamps 
taken  from  the  system  and  a  test 
procedure  wliicli  will  assure  expert 
methods,  approved  apparatus  and 
fair  evaluation  of  the  lamps. 

The  following  clauses  of  description  are 
submitted  as  properly  exemplifying  the 
principles  heie  emphasised  : 

Tiipe  and  Haling  of  Ixnnps. 

The  lamps  to  be  furnislietl  shall  be 
of  standard  tvpe,  operating  at  not  less 

than volts  at  the  lamp  terminals, 

consuminij;  not  less  than   amperes 

and  not  less  than   watts  at  the 

lamp  terminals,  or  not  less  than 

watts  at  the  arc,  pi'ovided  with  elec- 
trodes giving   in   this   lamp   with   the 
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above  current  and  power  consumption, 
and  ynth  clear  glass  globes,  not  less 

than   total  lumens  or  not  less 

than  mean  spherical  candle- 
power,  or  lamps  of  a  type  mutually 
acceptable  to  the  two  parties  to  this 
contract,  and  giving  at  least  equal  total 
light  flux  or  equal  mean  spherical 
candle-power. 

Auxiliaries  for  Lanifs. 

The    lamps    as    installed    shall    be 
equipped  with 

Lisrht  directing  or  diffusing  auxiliaries.  < 

the  average  light  absorption  of  which. 

when  clean  and  in  good  condition,  shall 

not   exceed    per   cent,    of   the 

total  light  flux. 

It  is  hoped  that  a  succeeding  committee 
of  this  Association  may  undertake  the 
preparation  of  data  for  various  street 
illuminants  which  may  be  embodied  by 
member  companies  in  street  lighting 
contracts,  and  that  in  the  course  of  its 
investigations  undertaken  with  this  object 
in  view,  it  may  be  successful  in  outlining 
a  test  procedure  which  this  Association 
may  approve  and  recommend  in  all  cases 
where  it  is  undertaken  to  prove  fulfilment 
of  street  lighting  contracts. 

It  would  indeed  be  a  useful  and  valuable 
contribution  if  a  succeeding  committee 
would     imdertake    to     draft     a     model 


standard  form  of  contract  and  specifica- 
tions which  would  be  clear  and  definite 
in  their  terms,  and  yet  sufficiently  flexible 
to  meet  the  varying  conditions  to  which 
they  would  be  applied,  and  which  would 
receive  the  official  endorsement  of  this 
Association.  It  is  felt  that  such  a 
standard  contract  form,  carrying  with  it 
the  endorsement  of  this  Association, 
would  go  far  toward  eliminating  the 
frequent  contentions  as  to  the  meaning 
and  interpretation  of  the  loose  phrase- 
ology which  is  so  common  in  the  current 
forms  of  street  lighting  contracts.  These 
contracts  involve  the  most  important 
relations  of  the  lighting  company  to  the 
municipality  which  it  serves  and  from 
which  it  derives  its  franchise,  and  it  is 
of  the  utmost  importance  that  the 
relations  of  the  company  to  the  general 
public  be  not  jeopardized  by  a  loosely 
drawn  street  lighting  contract,  which  may,, 
through  misinterpretation  of  its  provi- 
sions, place  the  company  in  a  false  and 
unjust  position  before  the  public. 

Eespectfully  submitted. 

J.  W.  LiEB,  Jr.,  Chairman 
Louis  Bell 
Committee  ^  Albert  F.  Ganz 

Preston  S.  Millar 
C.  P.  Steinmetz 


AERIAL  LIGHTHOUSES. 


The  news  that  a  powerful  electric 
lantern,  with  a  range  of  over  fifteen  miles, 
is  to  be  placed  on  an  observation  tower 
at  Biberach  to  serve  as  a  beacon  for 
airships  travelling  northward  from 
Friedrichshafen  is  an  indication  of  the 
fact  that  night  voyages  by  aircraft  are 
becoming  practicable  in  the  Father- 
land. 

Aeronauts  will  be  keen  to  know  the 
design  of  the  new  beacon  tower,  for 
opinions  are  much  divided  as  to  the  most 
efiicient.  Seen  from  far  above,  it  has  been 
proved  that  the  blaze  of  a  beacon  fire  is 


easily  confused  with  accidental  fires.  In 
the  case  of  a  lighthouse,  it  is  clear,  some 
easily  recognisable  peculiarity  must  be 
devised. 

Aeronauts  over  the  coast  at  night  have 
no  difficulty  in  picking  up  their  bearings 
from  the  intermittent  lights  placed  there 
for  mariners.  These  can  be  read  by  the 
chart. 

Alreadv  we  may  be  near  the  time  fore- 
told by  Mr.  Kipling  in  "  With  the  Night 
Mail,"  a  wonderful  picture  of  an  aerial 
world  illuminated  fi'om  below  by  coloured, 
beams  of  light.— T//e  Pall  Mall  Gazette. 
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CORRESPONDENCE. 


THE  REQUIREMENTS   OF  STREET  LIGHTING. 


Dear  Sir, 

I  have  been  greatly  interested  in  the 
discussion  on  the  Street  Lighting  Specifi- 
cation in  recent  numbers  of  the  Illu- 
minating Engineer.  It  seems  to  me 
that  many  of  the  speakers  were  invohin- 
tarily  confusing  two  things — hence  the 
fierce  fight  for  direct  ray  measurements. 
Street  fighting  reafiy  consists  of  two  parts, 
pavement  fighting  and  roadway  fighting, 
and  to  the  man  in  the  street  the  former  is 
the  more  important. 

Now  pavement  lighting  is  chiefly 
necessary  in  order  to  enable  one  to  recog- 
nise friends  and  acquaintances,  rather 
than  for  the  purpose  of  seeing  the  pave- 
ment, which  will  always  be  kept  in  good 
repair  in  any  town  that  can  afford 
respectable  lighting.  For  the  pm-pose 
in  view  a  high  vertical  illumination  at  the 
face  level  (say,  5k  ft.  from  the  ground)  is 
what  is  required. 

Now,  since  no  person  possesses  a  flat 
face,  why  not  measure  the  illumination 
on  a  hemispherical  test  surface  of,  say, 
3  in.  in  diameter,  using  a  surface  bright- 
ness photometer  adjusted  to  take  in  the 
whole  of  the  surface,  and  automatically 
average  its  brightness  (I  find  that  the 
Holophane  lumeter  held  horizontally 
does  this  pretty  well  with  a  tennis  ball). 

Lights  at  a  height  of  12  ft.  are  almost 
invariably  trying  on  the  ground  of  glare. 
In  fact,  from  this  standpoint  there  is 
much  to  be  said  for  the  old  days  when 
every  householder  was  compelled  to 
place  a  candle  outside  liis  liouse.  The 
lights  being  subdivided  into  small  units 
would  be  imich  less  glaring.  At  the  Pa])al 
Jubilee  in  the  South  of  Ireland  we  liad  a 
very  good  demonstration  of  this  fact. 
About  G — 10  candles  (real  candles)  were 
placed  in  the  windows  of  each  cottage, 
the  windows  facing  immediately  on  to  the 
pavement  and  at  a  iieight  of  3 — 4  ft. 
above  it.  The  candles  being  well  set 
back  in  the  windows  were  only  visible  at 
quite  close  range  and  caused  little  glare. 
Botli  the  pavement  and  tlie  i:>assers-by 
were  surprisingly  well   illuminated. 

In  the  case  of  roadway  lighting  the 
conditions  are  entirely  different.  One  is 
not  so  niuch  concerned  with  the  clearness 


of  near  objects,  but  is  constantly  looking^ 
"  a  certain  time  ahead  " — the  time- 
depending  on  the  control  exercised  over 
the  motor,  horse  or  cycle.  Naturally  the- 
distance  one  looks  ahead  varies  with  the 
speed  of  travelling.  The  cyclist  looks 
further  than  a  person  walking  would  do, 
and  to  him  absence  of  glare  is  a  very 
important  factor.  I  once  had  the 
misfortune,  when  cycling,  to  run  into  two 
old  ladies,  shnply  on  account  of  the  glare 
from  a  lamp  some  distance  ahead.  This 
was  placed  on  a  post  12  ft.  above  the 
groimd.  The  roadway  was  very  black, 
due  to  the  constant  passage  of  coal  carts, 
and  the  ladies  were  also  dressed  in  black 
and  standing  well  in  the  middle  of  the 
road.  In  siiite  of  the  fact  that  I  had  a 
good  acetylene  lamp  on  the  bicycle.  I 
rode  into  the  two  without  seeing  them 
simply  because  of  that  street  lamp  falling 
inunediately  within  the  field  of  view. 
On  these  grounds,  would  it  not  be 
desirable  to  arrange  that  in  roadw^ay 
lighting  the  limiting  ray  should  strike 
the  ground  a  little  over  halfway  between 
the  lamps,  all  rays  higher  than  this  beincr 
cut  off  by  an  opaque  reflector  ? 

In  really  well-lighted  first  class  streets, 
where  the  roadway  is  presumably  always 
kept  in  good  repair,  a  high  illumination  of 
the  roadway  is  not  so  vital.  The  exist- 
ence of  any  re])airs  or  digging  operations 
is  made  evident  by  special  local  signal 
lamps,  and  vertical  illumination  at  a 
height  of  about  5  ft.  should  be  considered, 
in  the  manner  suggi^sted  for  })a%'em('nt 
lighting. 

In  coimtry  districts  only  the  footpath 
need  be  seriously  considered,  and  absence 
of  glare  is  the  chief  requirement.  Vehicles 
all  carry  their  own  lights.  It  seems  to  me. 
therefore,  that  in  any  form  of  specification 
some  attempt  should  be  made  to  dis- 
tinguish between  these  different  con- 
ditions. Still,  I  recognise  that  there 
must  be  compromise,  and  anything 
tending  to  specify  the  light  in  precise 
terms.  t!ie  light  provid(>d  should  1h>  for 
the  public  benefit. 

I  am,  yours,  etc., 

A   Correspondent    from    Ireland. 
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ILLUMINATING   ENGINEERING   IN   JAPAN. 


"What  is  to  be  the  future  of  illuminating 
engineering  in  Japan  i 

A  valued  correspondent,  Dr.  Ova  of 
the  Electrotechnical  Laboratory  at  Tokyo, 
sends  us  some  photographs  illustrating 
the  application  of  the  old  style  Japanese 
lanterns  to  electric  lighting.  Electric 
lighting  is  making  great  strides  in  the 
East.  We  see  there,  existing  side  by  side, 
modern  electric  fittings  (often,  alas  ! 
more  efficient  than  decorative)  and  the 
old  paper  lanterns  and  candles  that  have 
served  the  Japanese  as  illuniinants  for  so 


of  her  own.  We  understand  that  the 
high  intrinsic  brilliancy  of  unshaded 
modern  illuniinants  does  not  commend 
itself  to  a  people  accustomed  to  the 
mellow  effects  of  lamps  screened  in  paper 
lanterns,  and  the  comparatively  subdued 
light  characteristic  of  artificial  illumin- 
ation in  the  East.  Probably,  therefore, 
absence  of  glare  will  be  a  strong  feature 
in  Eastern  illumination.  Full  use  will  be 
made  of  the  decorative  possibilities  of  silk 
and  colouied  paper,  in  which  the  Japanese 
are  consummate  artists. 


long.  A  glance  at  a  l)ooklet  issued  by  a 
company  in  Tokyo,  shows  that  while 
some  European  innovations  are  being 
introduced  piecemeal,  others  are  being 
moulded  more  in  accordance  with  Oriental 
traditions,  the  shape  and  style  of  the 
shades  being  distinctly  different  from 
those  common  in  Europe. 

We  should  not  be  surprised  if  Japan, 
in  matters  of  illumination,  pursued  a  line 


As  an  illustration  of  what  can  be  done 
in  this  wav.  Dr.  Oya  sends  us  two  photo- 
graphs of  lanterns,  many  of  which  were 
fitted  with  electric  light  and  used  on  the 
occasion  of  the  Imperial  funeral  of  the 
late  Emperor  of  Japan.  These  are  made 
of  obscured  glass  fitted  into  a  plain 
wooden  frame  with  gold  decorations,  and 
their  appearance  when  illuminated  is  said 
to  have  been  verv  fine. 
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SOME   STATISTICS   OF  THE   LIGHTING   INDUSTRY. 


In  Licht  uml  Lainpe  (Febuary  'llih.,  1913) 
a  striking  collection  of  statistics  bearing 
on  the  lighting  industry  throughout  the 
world  was  recently  given.  Few  people 
realise  the  immense  amount  of  capital 
locked  up  in  enterprises  directly  con- 
nected with  illumination  by  gas,  elec- 
tricity, petroleum,  &c.,  and  the  following 
table,  abstracted  from  this  journal,  may 
be  instructive  : — 


remembered  that  huge  sums  are  also 
locked  up  in  lighting  appliances.  It  is 
reckoned  that  of  the  gas  produced  in 
Germany  7 — 12  per  cent,  is  used  in  street 
lighting  and  30 — 35  per  cent,  for  interior 
lighting.  This  corresponds  to  a  yearly 
output  of  about  one  thousand  milliard 
candle-power  hours.  In  the  same  way 
the  electric  lighting  annual  output  is 
about  250  milliard  candle-power  hours  ; 


Table    I.    (sliowing    output    of    gas,  electricity   and   petroleinn   in   the   chief 
European   countries  and  the  United  States). 


Germany. 

Austria- 
Hungary. 

England. 

France. 

Spain. 

Russia. 

Sweden. 

U.S.A. 

No.  of  stations 

300 

70 

250 

820 

74 

no 



400 

Annual  output 

^     in  cubic  metres 

(J  ;   (milliards)     .  . 

I'l 

02 

30 

0-6 

O'l 

o'3 

— 

29 

Price  per  cubic 

metre  (Pfgs.) 

10—18 

16 — 20 

4  —  1^ 

15—3^ 

25—40 

18—50 

8-17 

No.  ot  stations 

;:8oo 

800 

=ioo 

1000 

40 

40 

82 

5000 

Annual  output 

o 

in     k.w.-hrs. 

(milliards)    .  . 

o'5 

0'2 

0'2 

03 

003 

o'03 

o'09 

2 

a 

Price  perk.w.- 

]ir.  (Pfennigs) 

30 — 60 

30—50 

3»— 40 

30-40 

40 — 60 

40 — 6o- 

2.5—40 

30—40 

Total  consump- 

(production) 

(production) 

(production) 

3 

tion  in  kilos. 

0 

(milliards) 

0-9 

38 

04 

— 

— 

98 

— 

87 

Price  per  kilo. 

a 

(Pfennigs)    .  . 

-5 

— 

" 

— 

Am 

lual    output    of 

light  (Hefner-hrs.) 

(milliards) 

1700 

400 

3200 

900 

— 

— 

— 

5800 

Population  (millns.) 

65 

■19 

4.i 

39 

19 

162 

5'5 

lOI 

Annual    output    of 

light  per  head  of 

population   (very 

approx.)  . . 

26 

8 

70 

23 

.■iS 

According  to  this  table  more  light  per 
head  of  population  is  used  in  England 
than  in  any  other  country  for  which  the 
statistics  are  complete.  Doubtless  a 
different  result  would  be  obtained  bv 
<^'omparing  great  industrial  cities. 

An  immense  amount  of  money  is  spent 
each  year  in  generation  (gas  and  electric 
supply  stations,   &c.).      But  it  must   be 


six  per  cent,  of  the  total  electricity 
generated  being  used  for  arc  lamps  and 
27  per  cent,  for  glow  lamps.  In  the 
streets  above  250, OOO  arc  lamps  are  used, 
and  for  indoor  lighting  (piite  twenty 
million  glow  lamps. 

It  will  be  seen,  therefore,  how  vast  and 
far-reaching  is  the  effect  of  even  a  small 
improvement  in  lighting  appliances. 
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The  following   tables   show 
industry  of  Germany  : — - 


roughly    the    distribution  of  capital    in    the    lighting 


Table    II.     Capital   invested    in    Light    Production   in   Germany, 


1.  45  per  cent,  of  capital  invested  in  gas  works 

2.  33  per  cent,  of  capital  invested  in  electric  lighting  works 

3.  Transport  and  storage  of  petroleum 

4.  Burners,  lanterns,  and  lighting  appliances  for  gas 

5.  Electric  glow  lamps,  arc  lamps,  fixtures,  Sec.  .  . 

6.  Petroleum  lamps,  &c. 


330,000,000  Mks- 
330,000.000 
100,0(JO,000 
200,000,000 
250,000,000 
90,000,000 

1300,000,000 


Table   III.     Money  spent   annually  in  the   Maintenance   of   Illumination. 


1.  Consumption  of  gas  (reckoned  at  13  pf.  per  cub.  metre) 

2.  Replacing  mantles,  globes,  &c.    . . 

3.  Consumption  of  electricity  (at  40  pf.  pei  k.w.-hr.)     . . 

4.  Replacing  of  glow  lamps,  maintenance  of  arc  lamps,  &c. 

5.  Cost  of  petroleum,  spirit  and  benzol  (at  25  pf.  per  litre) 

6.  In  wicks,  chimneys.  Sec,  for  oil  lamps 

7.  New  installations     . . 


150,000,000  Mks. 

20,000,000  .. 

200,000.000  „ 

42,000,000  „ 

250,000,000  ,. 

10,000,000  „ 

50,000,000  „ 

750,000,000  Mks. 


THE   NATIONAL  GAS  EXHIBITION. 


The  National  Gas  Exhibition  is  to  be 
opened  on  Monday,  October  1st,  by  the 
Lord  Mayor  of  London,  and  it  is  also 
announced  that  the  patronage  of  their 
Majesties  the  King  and  Queen,  and  of 
other  members  of  the  Royal  Family  has 
been  accorded. 

An  interesting  series  of  papers  has  been 
arranged,  and  quite  a  number  of  these 
deal  with  lighting.  Among  these  we 
note  : — 

The  School  of  the  Future  :  its 
Lighting,  Heating  and  Ventilation,  bv 
S.  Warwick,  F.R.I.B.A..  and  A.  Ilali. 
F.R.I.B.A. 

Some  Considerations  on  the  Appar- 
ent Brightness  of  Lights,  by  Professor 
Silvanus  P.  Thompson  (President  of  the 
Illuminating  Engineering  Society). 

The  Hygiene  of  Gas  for  Lighting. 
by  Dr.  S.  Rideal. 

Light  and  Sight,  by  Dr.  Meredith 
Youn". 


The  Economy  of  Efficient  Lighting, 
by  Franklin  Thorp. 

The  Aims  and  Objects  of  the 
Illuminating  Engineering  Society,  by 
Leon  Gaster. 

The  Lighting.  Heating  and  Venti- 
lation OF  Factories  and  Workshops, 
by  Professor  Vivian  Lewes. 

The  Economic  Value  of  adeql'ate 
Illumination,  by  Leon  Gaster. 

There  will  also  be  a  series  of  popular 
lectures  during  the  exhibition,  and  a 
collection  of  photographs  illustrating 
lighting  installations  of  various  kinds  is 
being  made. 

Another  item  is  the  exhibition  of  a 
series  of  old  lamps  and  objects  of  historic 
value,  many  of  them  lent  by  the  City 
of  London. 

We  also  understand  that  the  planning 
of  the  exhibits  themselves  will  be  of  a 
novel  kind,  and  altogether  the  exhil»ition 
promises  to  be  one  of  exceptional  interest. 
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A   PETROL  AIR   GAS  INSTALLATION. 

It  will  be  remembered  that  in  the  paper 
on  petrol  air  gas,  read  before  the  Illuminat- 
ing Engineering  Society  by  Mr.  E.  Scott 
Snell  last  January,  an  account  was  given 
of  an  interesting  country  house  installa- 
tion in  Essex.  The  two  photographs 
show  views  of  the  hall  and  dining  room 
in  this  house,  and  are  taken  entirely 
by  artificial  light.  They  illustrate  the 
shaded  subdued  illumination  still  pre- 
ferred by  many  people  for  domestic 
lighting. 

In  the  dining  room  the  wall  lights  are 
covered  by  silk  shades  fringed  with  beads, 
while  in  the  hall  the  burner  is  completely 
enclosed  in  a  square  silk-lined  lantern. 
The  effect  of  this  stairlight  is  decidedly 
ornamental,  and  the  soft  effect  apparently 
enables  the  eye  to  manage  with  quite 
a  low  order  of  illumination. 


■it  i^^^fllJ^^B^I 

*■ 

^.N 

'^'*^"""'     , 

liil 

Hall  lighted  by  silk  lantern  equipped  with  petrol 
air  gas  burner. 


LIGHT— THE    SOUL   OF  ART. 

This  was  the  title  of  a  popular  lecture 
recently  delivered  by  Mr.  M.  Luckiesh  in 
the  United  States,  in  the  course  of  which 
he  showed  one  distinctly  telling  experi- 
ment. 

Two  identical  pictures  representing  a 
mountain  scene  were  illuminated  les- 
pectively  by  orange-red  and  white  light. 
In  the  latter  case,  the  glowing  peaks  of 
the  distant  mountains  were  clearly  seen  ; 
with  the  orange-red  light  the}'  entirely 
disappeared.  By  graduall}^  changing  the 
colour  of  the  light  from  orange-red  to 
white  the  mountains  could  be  made  to 
gradually  "  grow  up  "  on  the  picture. 

This  illustrated  very  clearly  the  fact 
that  the  appearance  of  any  coloured 
object  depends  on  the  spectrum  of  the 
light  by  which  it  is  illuminated. 


Dming   room   lighted  by  siikshadcd  petrol  air 
gas  burner. 
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SOME    NOTES    ON    THE    LIGHTING    OF    PICTURE 

PALACES. 

By   An   Engineering    Correspondent. 


In  the  last  number  of  The  Illuminaiing 
Engineer  there  was  a  short  article  on  the 
lighting  of  cinematograph  theatres.  It 
was  mentioned,  that  in  the  United  States 
there  are  reported  to  be  no  less  than 
20,000  such  theatres,  and  the  number  in 
the  United  Kingdom  must  also  be  very 
considerable. 


theatre  itself,  which  offers  quite  a  number 
of  interest.  In  this  article  it  is  proposed 
to  confine  attention  to  the  illumination 
of  the  "  auditorium  "  (a  singularly  in- 
appropriate name  still  used  for  picture 
palaces,  notwithstanding  the  fact  that  the 
impressions  are  received  through  the  eye 
and  not  through  the  ear). 


I 


Fig.   1. — Showing  Lighting  of  the  Scala  Theatre,  Newcastle,  hghted  by  tungsten  lamps 

and  Holophane  reflectors. 


The  cinematograph  brings  with  it 
quite  a  number  of  problems  for  the 
illuminating  engineer.  There  is,  first, 
the  design  of  the  projector  lamp  and  the 
screen.  On  these  points  a  great  deal  of 
ingenuity  has  already  been  expended,  but 
there  is  still  a  vast  field  for  improvement. 
Secondly,   there   i?   the   lighting    of   the 


The  illumination  conditions  are  broadly 
similar  to  those  in  an  ordinary  theatre. 
The  screen  on  which  the  images  are 
received,  like  the  stage  in  the  theatre, 
should  be  the  chief  point  of  interest. 
The  general  lighting  is,  therefore,  in 
general  turned  down  while  the  perform- 
ance is  in  progress.     But  owing  to  the 
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Fig    2. — -Niiiht  ^'i(■\v  of  Aiulitorium  of  the  Lime  Street  Picture  Palace.  Liveijionl.  lighted  hv 
indirect  means.     (B.T.H.  "  Eye -Rest  ""  System.) 


Fro.  3. — Xight  \'ie\v  of  Cinema  Hounc.  Sheffield,  lighted  hy  Mazdalite  Lamjis  in  B.'J".  H. 
'J'rough  Retteetors  eonci-aled  in  the  eorniee.  and  ))y  six  domes,  illuminated  witli 
X-ray   ReHectors,  the   liglif    beinu  suhsciiuentlv  ditfused  throuizh  aml)ertint(  d  ulass. 
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fact  that  people  are  constantly  entering 
the  room  cannot  be  left  in  total  darkness, 
and  a  small  amount  of  illumination  should 
always  be  allowed. 

It  need  scarcely  be  said  that  in  lighting 
a  cinematograph  theatre  the  fittings  are 
j)laced  high  up  out  of  the  range  of  sight, 
or  as  brackets  on  the  walls,  and  pre- 
cautions should  be  taken  to  avoid  any- 
thing in  the  nature  of  glare.  According 
to  a  paper  by  Mr.  F.  G.  Martin  in  the 
Transactions  of  the  Illuminating  Engin- 
eering Society  last  April,  the  average 
brightness  of  the  cinematograph  screen 
in  America  is  about  0'4  foot-candles  ;  in 
this  country  the  average  would  be  very 
similar — possibly  somewhat  higher.  The 
General  illumination  provided  on  the  seats 
in  the  theatre  is  stated  to  lie  between 
€•2  and  1  foot-candle,  the  higher  value 
being  usually  at  the  back,  where  people 
are  constantly  entering.  This  again 
■seems  to  be  very  similar  to  the  conditions 
in  this  country. 

The  first  illustration  shows  the  method 
of  lighting  in  the  Scala  Theatre  at 
l^ewcastle,  the  photograph  and  inform- 
ation relating  thereto  being  supplied  by 
Messrs.  Siemens  Bros.  Dynamo  Works, 
Ltd.  The  lighting  is  done  by  Wotan  lamps 
and  Holophane  reflectors.  The  main 
ceiling  fixtui'es  each  consist  of  a  central 
Holophane  sphere  surrounded  by  four 
■"Household"  reflectors.  There  are  thre'^ 
such  electroliers ;  spaced  equidistant  round 
them  there  axe  six  Holophane  stiletto 
reflectors  containing  100-watt  lamps.  At 
the  stage  end  there  are  also  two  3-light 
cluster  fittings  using  '•  Household  '"  Holo- 
phane glassware.  On  the  front  of  the 
circle  there  are  five  2 -light  brackets  and 
twelve  single-light  brackets  illuminate 
the  side  and  end  walls  cf  the  Pit  and 
Stalls.  Fifty  32-c.p.  lamps  are  used  in 
the  brackets,  in  addition  to  the  100-watt 
lamps  used  in  the  pendants  previously 
mentioned.  The  total  fleer  area  illumin- 
ated is  about  3,600  sq.  ft. 

In  view  of  the  recent  vogue  in  in- 
direct and  semi-direct  methods  of 
lighting  for  cinema  theatres,  it  is  probable 
that  the  Holophane  semi-indirect  fitting 
very  recently  put  upon  the  market  would 
prove  still  more  acceptable  for  this  class 
of  work. 

Figures  2  and  3  are  reproduced  from 
two      photographs      of      cinematograph 


theatres  lighted  by  the  British  Thomson- 
Houston  Co.,  Ltd.,  who  have  fiu-nished 
the  following  information.  In  the  picture 
palace  at  Lime  Street,  Liverpool,  the 
auditorium  is  lighted  by  four  36-in.  "eye- 
rest  "'  fittings.  The  two  units  over  the 
balcony  each  contain  200-watt  lamps  in 
X-ray  reflectors  ;  each  of  the  other  two 
contains  four  similar  lamps.  There 
are  also  three  small  fittings  under  the 
cornice  on  each  side,  each  containing 
one  100-watt  lamp. 

The  back  part  of  the  balcony  is  lighted 
bv  three  24-in.  fittings,  each  containing 
four  100-watt  lamps.  There  are  three 
21-in.  fittings,  each  containing  five  60- 
watt  lamps,  and  four  18-in.  fittings,  each 
containing  three  60-in.  lamps,  under  the 
balconv.  All  these  fittings  are  of  moulded 
composition  with  Adams's  decoration. 
The  four  large  fittings  round  the  dome 
are  hung  on  a  special  contact  and  suspen- 
sion gear  concealed  in  the  ceiling,  so  that 
thev  can  be  lowered  to  the  floor  for 
cleaning,  lamp  renewals,  &c.  It  ma}^  be 
added  that  the  floor  area  in  this  theatre 
is  4,300  sq.  ft.,  and  the  corresponding 
area  lighted  in  the  gallery  2,600  sq.  ft. 
In  such  theatres,  the  AATiter  is  informed, 
the  company  usually  provide  an  illumin- 
ation of  about  1  foot-candle. 

The  application  of  indirect  lighting  to 
cinematogi'aph  theatres  is  interesting. 
The  fact  that  the  sources  of  light  are 
invisible  in  these  circumstances  is  stated 
to  enable  the  pictures  to  be  shown 
successfully  with  the  lamps  still  on.  For 
example,  at  the  Lime  Street  picture  house 
it  is  the  practice  to  switch  out  the  lamps 
in  the  four  large  fittings  entirely  but 
merely  to  reduce  the  illumination  in  the 
small  fittings  by  means  of  a  suitable 
dimmer.  The  illumination  is  brought 
down  to  an  intensity  which  does  not 
interfere  with  the  clearness  of  the  pictures 
and  enables  visitors  to  find  their  places 
and  read  their  programmes  in  comfort. 

In  Fig.  3  an  entirely  different  system 
of  lighting  has  been  used,  the  illumin- 
ation being  provided  by  special  trough 
reflectors  concealed  in  the  cornices. 

The  reflected  surface  is  so  designed  as 
to  throw  a  beam  of  light  right  across  the 
ceiling  to  the  opposite  side,  illuminating 
it  evenly  all  over.  A  similar  method  is 
employed  in  the  balcony.  The  total 
consumption    of   the    lamps   so    used   is, 
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Fig.  4. — General  View  of  the  lighting  of  the  West  End  Cinema  (Coventry  Street,  London).  The 
main  illumination  is  derived  from  the  central  dome,  decorated  in  blue  and  gold  and  illuminated 
by  concealed  lights,  and  from  the  ring  of  amber-coloured  lamps  behind  diffusing  glass  discs 
surrounding  it.  Attention  may  also  be  drawn  to  the  lighting  of  the  panels  by  concealed 
lights.     The  ceiling  dome  and  ring  are  separately  controlled. 


4  80 


THE  TLLU.MTXATIXG  EXGIXEER. 


approximately,  4,900  watts.  The  tapes- 
try panels  round  the  walls  of  the  audi- 
torium are  also  illuminated  bv  specially 
designed  trough  reflectors  and  Mazda 
lamps. 

The  floor  area  in  this  theatre  is, 
approximately,  2,400  sq.  ft.,  and  that  of 
the  balcony  1,600  sq.  ft. 

An  interesting  feature  of  this  installa- 
tion is  the  dome  lighting  employed  in 
this  auditorium.  There  are  six  domes  in 
this  ceiling,  and  these  are  covered  on  the 
under    side    by   amber-tinted    glass.     In 


where  permission  was  kindly  granted 
for  some  photographs  to  be  taken. 
Fig.  4  shows  a  general  view  of  this 
theatre  taken  from  the  gallery,  and  Fig.  5 
is  a  photograph  of  the  ceiling.  The  main 
lighting  is  provided  by  the  central  dome, 
which  is  illuminated  by  twelve  completely 
concealed  25-watt  lamps,  and  by  a  ring 
of  48  lamps  above  amber-coloured  discs 
surrounding  it.  The  dome  ceiling  is 
decorated  in  gilt  and  blue,  giving  some- 
thing of  the  effect  of  a  blue  sky,  and  its 
brightness  is  about  8  foot-candles. 


Fig.  o. — Photograph  of  ilhiminated  dome  in  the  ceiling  of  the  West  End  Cinema  (Coventry  Street, 

London,  W.),  taken  from  below. 


each  dome,  above  this  amber  glass,  are 
fitted  six  60-watt  lamps  in  X-ray  re- 
flectors, upturned  so  as  to  throw  their 
light  on  the  white  dome.  The  light  is 
reflected  downwards  from  the  inner 
surface  of  the  dome,  and  is  diffused 
through  the  amber  glass.  The  effect  of 
this  illumination  is  said  to  be  very  fine. 

This  system  of  "  dome  lighting  "  seems 
to  be  finding  favour  for  the  lighting  of 
cinematograph  theatres,  an  excellent 
illustration  being  provided  by  the  West 
End  Theatre  in  Coventry  Street,  London, 


Twenty-five  candle-power  lamps  are 
used  throughout  this  installation,  most  of 
them  being  amber  dipped.  There  are  five 
concealed  lights  above  the  panels  on  each 
side  of  the  theatre,  and  four  3-light 
brackets,  each  consisting  of  two  diffusing 
orange  globes  and  one  red  globe.  The 
general  effect  is  very  soft,  and  the  main 
tint  of  the  illumination  is  a  mellow 
orange.  It  may  be  suggested  that  the 
use  of  colour  for  the  general  lighting  of 
the  auditorium  has  a  certain  value,  since 
it  leads  the  spectators  involuntarily  to 
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draw  a  distinction  between  this  and  the 
picture  on  the  screen.  Possibly  this  in 
itself  would  enable  some  of  the  lights  to 
be  turned  on  while  the  pictures  are  being 
shown  without  interfering  with  their 
clearness. 

The  general  effect  in  this  theatre  is 
decidedly  good.  The  various  items  in 
the  lighting  are  separately  controlled, 
and  the  sky  can  be  turned  on  without 
the  ring  of  amber  lights  or  vice  versa.  In 
this  theatre  the  illumination  in  the  gallery 
is  slightly  under  1  foot-candle.  For  the 
floor  the  illumination  in  the  front  is 
about  ri  foot-candles.  The  value  at  the 
back  under  the  gallery  is  about  0"3.  As 
is  usual,  the  exits  are  illuminated  in  red, 
the  lights  being  kept  on  permanently. 

One  other  point  that  deserves  special 
mention  in  cinematograph  theatre  lighting 
is  the  method  of  dimming  the  lights. 
The  effect  of  constantly  switching  on  the 
lights  in  the  auditorium  after  the  eye  has 
become  used  to  the  darkness,  is  apt  to 
give    rise    to    a    distinct    shock.      It  is. 


therefore,  becoming  customary  to  control 
the  lights  by  a  dimmer  enabling  them  to 
be  lighted  up  gradually.  It  is  desirable 
that  the  grading  of  the  steps  in  the 
dimmer  should  be  gradual  and  uniform ;  if 
the  resistance  on  the  last  stop  is  too  great 
the  increa.^e  in  light  as  the  handle  is 
finally  moved  over  may  be  too  sudden. 
The  same  fault  may  occur  if  the  operator 
is  careless  in  the  use  of  the  dimmer  and 
moves  the  handle  too  quickly. 

There  are,  of  course,  other  points  in 
connection  with  cinematograph  theatre 
lighting  on  which  much  might  be  written. 
For  example,  there  is  considerable  scope 
for  ingenuity  in  the  design  of  attractive 
methods  of  lighting  outside  the  theatre. 
At  the  West  End  cinema  referred  to 
above,  an  interesting  installation  of  the 
Moore  light  in  the  form  of  an  arch, 
supplemented  by  the  name  of  the  theatre 
in  the  form  of  a  Neon  tube  (presumably 
the  first  erected  in  London),  is  to  be  seen. 
It  is  hoped  shortly  to  give  some  account 
of  this  exterior  lighting. 


TRADE    NOTES. 


[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to  Trade  Notes,  and  arc  open 
to  receive  for  pubHcation  particulars  of  new  developments  in  lamps,  fixtures,  and  all  kinds  of  apparatus  connected 
with  illumination. 

The  contents  of  these  pages,  in  which  is  included  information  supplied  l>y  the  makers,  will,  it  is  hoped, 
serve  as  a  guide  to  recent  commercial  developments,  and  we  welcome  the  receipt  of  all  bonn  fide  information 
relating  thereto.] 


THE    HALF-WATT    PER    CANDLE 
LAMP. 

Messrs.  Siemens  Bros.  Dynamo  Works, 
Ltd.  (Tyssen  Street.  Dalston),  in  announc- 
ing; that  half-watt  lamps  will  be  available 
commercially  during  the  present  year, 
wish  to  make  it  clear,  however,  that  for 
some  time  to  conio  the  new  lamps  will 
only  be  supplied  in  units  of  high  candle- 
power,  such  as  are  mainly  suitable  for 
illuminating  large  areas,  and  for  outdoor 
lighting. 


THE    "  VERICO  "    DAYLIGHT 
LAMP. 

An  interesting  Siemens  novelty  is  the 
"  Verico  "  lamp,  which  i.s  merely  an 
ordinary  Wotau  lamp  with  a  special 
tintod  globe,  giving  an  approximation  to 
daylight.  It  is  to  be  noted  that  this 
lami>  is  stated  to  be  relatively  efficient, 
consuming  on  aii  average  only  about  1"5 
watts  per  candlv. 


B.T.H. 


HALF-WATT  PER  CANDLE 
LAMPS. 


As  we  go  to  press,  comes  the  announce- 
ment that  the  British  Thomson-Houston 
Co.  Ltd.  are  introducing  a  half -watt  jjer 
candle  lamp,  developed  in  the  research 
laboratory  of  the  G.E.C.  of  America. 
The  first  lamps  available  will  range  from 
100-1500  c.p.,  and  higher  intensities  still 
will  be  available  shortly.  A  life  of  over 
1,000  hours  is  anticijiated. 

We  have  had  an  o])port unity  of  seeing 
several  of  these  lamps,- — stated  to  be  giving 
1300-1400  c.p.  and  to  be  manufactured 
at  Rugby, — in  operation  at  Mazda  House. 

The  spiral  drawn  wire  tvmgsten  filament 
is  very  stout  and  is  wound  in  a  simple 
loop.  The  bulb  is  stated  to  be  filled  with 
an  inert  gas,  such  as  nitrogen,  and  this  has 
an  imjiortant  influence  in  making  the 
improved  efficiency  jiossible. 

The  brilliant  wlihe  light  yielded  by  the 
new  lam])s  will  doubtless  render  the  use  of 
modern  forms  of  shades  and  reflectors 
still  more  essential,  and  is  favourable  to 
the  use  of  semi-indirect  illumiiuttion. 
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AN   INTERESTING   SHOWROOM. 

In  our  last  number  we  referred  to 
some  of  the  new  fittings  in  the  showroom 
of  Messrs.  Sugg  &  Co.  (6'/ ,  Regency  Street, 
London.  S.W.).  The  full-page  illustration 
on  the  opposite  page  is  from  a  photograph 
taken  entirely  by  artificial  light,  and 
shows    a    variety  of    these  fixtures. 

Around  the  room  will  be  seen  quite  a 
niunber  of  interesting  imits.  In  the 
foreground  one  of  the  little  ornamental 
semi-indirect  marbled  glass  fittings  is 
shown  hghted.  In  the  far  corner,  one  of 
the  ventilating  ceiling  lights  recently 
described  in  these  columns  is  also 
lighted  up,  and  a  mmiber  of  semi-indirect 
fittings  are  on  view  in  the  background. 

This  firm  makes  a  speciality  of  fittings 
for  school  lighting.  For  this  work,  as  is 
well  known,  absence  of  glare  is  an 
important  factor,  and  in  n^ost  of  the 
Sugg  units  the  mantle  is  surrounded  by 
a  lightly  frosted  globe.  The  frosting, 
however,  is  confined  to  that  portion  of 
the  globe  liable  to  cavise  glare  and  is  so 
distributed  as  to  screen  the  mantle 
completely  in  directions  from  which  it  is 
likely  to  be  viewed  in  an  ordinary 
class  room.  There  is  also  a  suitable 
opal  shade  above  the  mantle,  and  this, 
acting  as  a  bright  background,  serves 
both  to  reduce  glare  and  to  concentrate 
the  light  downwards. 


THE    IMPROVED    "  UKAY  "    LAMP. 

The  chief  feature  of  the  improved 
ITKAY  lamp  introduced  by  Messrs.  Falk, 
Stadelmann  &  Co.  (Farringdon  Road. 
London.  E.G.)  is  the  simjolicity  and 
accessibility  of  the  parts.  The  lamp  can 
be  readily  dismantled  by  merely  un- 
screwing the  lock  nut  at  the  top,  when 
the  cover  lifts  off.  exjDosing  the  entire 
interior  to  view.  Bvit  no  iron  is  used  in 
any  parts  except  casing.  The  pipes, 
burners,  hinge  and  bolts  are  brass,  and 
the  central  chimney  conducting  away 
the  products  of  comlaustion  is  of  alumin- 
ium, which  does  not  corrode  or  "  flake," 
and  does  not  induce  condensation.  It 
should,  therefore,  be  only  rarely  that 
the  interior  needs  attention. 

But  what  is  perhaps  the  most  distinc- 
tive feature  is  the  fact  that  not  only  the 
adjusting  needle  but  the  entire  gas 
injector  can  be  removed  en  bloc  for 
cleaning  purposes.  The  gas  injector  and 
the  air  injector  are  conveniently  placed 
side  by  side,  .and  the  latter  is  of  special 
design. 

The  LTKAY  lamp  is  stated  to  give 
125    candle-power    (niean    heniispherical) 


per  burner,  consmiiing  4  cub.  ft.  per 
hour,  on  ordinary  pressures.  Three 
bm"ners,  giving  about  400  candle-power 
in  all,  are  generally  used,  but  we  under- 
stand that  models  of  this  lamp  giving 
up  to  1,000  candle-power  will  shortly  be 
available. 


ELECTRIC  LIGHT  FITTINGS. 

The  new  catalogues  of  electric  light 
fittings  and  accessories  issued  by  Messrs. 
Falk,  Stadelmann  &  Co.  (83—87.  Far- 
ringdon Road,  London,  E.C.)  contain,  as 
usual,  illustrations  of  a  great  variety  of 
fixtures,  the  Holophane  reflectors,  bowls 
and  spheres,  and  the  various  systems  of 
direct  and  semi-indirect  lighting  being 
well  represented. 

In  addition  to  the  ordinary  household 
fittings,  we  notice  that  a  speciality  is 
naade  of  decorative  artificial  candles  and 
lanterns  in  the  French  style,  statuettes 
and  cut-glass  crystal  chandeliers.  Another 
striking  section  is  that  devoted  to  church 
fittings.  Mention  should  also  be  made  of 
selection  of  silk  shades  and  their  use 
with  portable  table  lamps. 

The  electricpJ  fixtm-es  catalogue 
(Edition  Xo.  359)  contains  approximately 
300  pages,  and  is  concluded  by  a  suitable 
index.  The  electric  accessories  list  is 
just  about  half  the  size. 


REMOVAELE 
CAS   INJECTOR 
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General  V^iew  of  Show    Room   of   Messrs.  W.  Sugg  &  Co.  (Regency  Street,  London,  S.W.).  from 
photograph  taken  entirely  by  artifieial  light. 


"  INVERTOLITE  "  FITTINGS. 


Yet     another     form     of     s(>ini-in(lir('ct 
fitting  is  tlirtt   tnnied  out   by  t}u>  Wardle 

Engineering   Co.,   Ltd.   (196,  JJeansgate. 
Manchester).     Tliis    consists    in    a   trans- 


lucent bowl  fitted  under  an  enamelled 
win'te  reflector,  and  it  is  recommended 
specially  for  the  lighting  of  offices,  schools 
and  shops. 
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REVIEW   OF  THE  TECHNICAL   PRESS. 


Severat^  decidedly  interesting  items  occvir 
in  the  June  number  of  the  Transactions 
of  the  American  Ilhuninating  Engineering 
Society.  H.  E.  Ives  describes  some 
ingenious  experiments  with  novel  home- 
made fixtures,  for  example,  the  use  of 
unusually  large  paper  surfaces  as  semi- 
indirect  units,  the  placing  of  lamps  out- 
side windows  to  simulate  the  distribution 
of  light  from  the  sky,  and  the  imitation 
of  daylight  by  the  aid  of  strongly 
illuminated  specially  shaped  reflecting 
surfaces  hung  on  the  walls  of  the  room. 

R.  F.  Pierce  describes,  with  illustra- 
tions, a  highly  novel  method  of  lighting 
an  exhibition  hall  by  nieans  of  pedestals 
carrying  concealed  clusters  of  upright  gas 
mantles.  T.  W.  Rolph  analyses  the 
nature  of  the  direction  of  light  from 
metal  reflectors,  and  gives  some  clear 
diagrams  showing  the  difference  between 
direct  and  diffused  reflection  and  a 
mixture  of  the  two. 

L.  C.  Porter  and  K.  W.  Mackall 
{Elec.  World.  July  19th)  give  the  results 
of  some  tests  on  headlights,  and  criticise 
the  law  introduced  in  some  American 
States    requiring    an    intensity    of    1,500 


candle-power  for  motor  vehicles.  As  far 
a?  the  illumination  of  the  road  is  con- 
cerned, such  a  regulation  has  little  value, 
and  they  suggest  the  distance  at  which  the 
test  is  to  be  made  and  the  angle  covered 
by  the  beam  of  light  should  also  be  stated. 

There  are  also  quite  a  number  of 
articles  discussing  rather  visionary  pros- 
pective new  illuminants.  Recent  articles 
in  the  Zeitschrift  iiir  Beleuchtungswesen 
describe  some  new  patents  relating  to 
the  use  of  rare  earths  to  be  brought  to 
incandescence  either  by  the  direct  passage 
of  an  air  current,  or  by  the  heat  of  the 
arc.  There  is  also  an  interesting  account 
by  BENKEofsome  current  speculations  as 
to  the  nature  of  the  electron  disturbances 
that  give  rise  to  luminescence. 

Among  contributions  on  photometry 
may  be  noted  the  experiments  of  H.  C. 
Stevens  on  the  Flicker  photometer 
(Phil.  Mag.,  July).  Lord  Rayleigh  has 
suggested  that  the  sensation  of  flicker  is 
due  to  the  action  on  the  muscles  control- 
ling the  iris  diaphragm.  But  the  author 
finds  that  when  the  action  of  the  iris  is 
paralysed  by  atropine  the  sensation  is 
still  experienced. 
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l)olopl)ane  Cunteter. 


THE  simple,  portable,  and  accurate  apparatus  for 
measuring  illumination,  surface-brightness,  or  reflect- 
ing power. 

Can  be  carried  from  place  to  place  with  the  ease 
of  a  small  hand  camera. 

Dimensions  only  511  in.  x  4h  in.  x  1|  in;  case  and 
accumulators  supplied. 

Measurements  from  001  to  2000  foot-candles  can 
L  e    made. 


Showing  general  appearance  of  new  model  of  Holophane  Lumeter. 
(Dimensions  :  5f  in.  X  4^  in.  X  If  in.) 

The  Holophane  Lumeter  is  of  value  not  only  to 
lighting  engineers,  but  to  architects,  medical  officers, 
factory  inspectors,  photographers,  and    many    others. 


Among  the  users  of  this  instrument  may  be  mentioned  :~ 

The  House  of  Commons,  The  Home  Office  (Factory  Dept.),  The  London 
County  Council,  General  Post  Office,  Great  Western  Railway,  L.  &  S.W. 
Railway,  Underground  Railways,  The  Gas  Light  &  Coke  Co.,  St.  James 
and  Pall  Mall  Electric  Supply  Co.,  The  Union  Electric  Co.,  The  British 
Thomson-Houston  Co.,  &c.,  &c. 


For    ail  particulars   apply   to 


HOLOPHANE,  LTD., 

12,  Carteret  St.,  Queen  Anne's   Gate,  S.W. 


z< 


m 


ILLUMINATING 
ENGINEER 


<sa//ea  /iZ^ 


•o 


LEON  •  CASTEP^ 


THE  JOURNAL  OF  SCIENTIFIC 
ILLUMINATION. 

OFFICIAL   ORGAN    OF  THE 

illuminating  Bnoineering  Society. 

(Founded  in  London,   1909.) 

ILLUMINATING  ENGINEERING  PUBLISHING  COMPANY,  LTD. 
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EDITORIAL, 


The  International  Commission  on  Illumination. 

The  formation  of  the  International  Commission  on  Illumination,  to 
which  we  draw  attention  in  this  number  (see  pp.  z|qi — 494)  must  be  con- 
sidered a  most  important  event  in  the  history  of  illuminating  engineering. 

The  need  for  such  a  commission,  which  was  suggested  bv  the  writer 
in  a  paper  presented  at  the  International  Electrotechnical  Congress  in 
Turin  in  1911,  is  now  generally  admitted.  There  are  man}- questions 
connected  with  the  sA-mbols  and  nomenclature  of  illuminating  (engineering 
which  need  to  be  referred  to  a  competent  and  impartial  international  tribimal, 
and  there  are  also  some  ver}^  important  problems  in  industrial  lighting 
which  should  come  within  its  scope.  It  will  be  recalled  that  at  Turin  a 
resolution  was  passed  by  the  Congress  unanimously  approving  the  formation 
of  an  international  commission  on  illumination.  Since  that  resolution  was 
passed  a  scheme  has  happily  been  put  forward  of  securing  this  result  by 
enlarging  the  scope  and  representation  of  the  Zurich  International  Photo- 
metric Commission.  The  new  Commission  has  been  successfullv  launched 
at  Berlin  on  these  lines,  and  we  hope  and  believe  that  it  will  receive  adequate 
support  from  all  parties  concerned  with  the  subject. 
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Some  doubt  was  originalh'  expressed  as  to  whether  the  Zurich 
International  Photometric  Commission,  being  a  body  appointed  to  act  for  the 
gas  industry',  could  be  modified  to  deal  with  all  illuminants ;  it  was  feared 
that  there  might  be  a  difficultv  in  securing  the  co-operation  of  the  electrical 
industry  in  connection  with  the  scheme.  These  obstacles  have,  to  a  great 
extent,  been  smoothed  away  by  the  work  of  the  International  Electro- 
technical  Commission  during  the  last  few  years,  and  the  formation  of  national 
electrotechnical  committees  in  the  various  countries.  In  particular  the 
resolution  passed  by  the  International  Electrotechnical  Commission  at 
Turin  in  iqii,  desiring  the  national  committees  to  put  themselves  in  to.ioh 
with  the  illuminating  engineering  societies  in  their  respective  countries 
when  dealing  with  matters  connected  with  illumination,  has  led  to 
a  desire  for  rapprochement  between  the  gas  and  electrical  industries. 
Another  important  influence  has  been  the  development  of  the  illuminating 
engineering  societies  in  Europe  and  the  United  States,  which  have  been  the 
means  of  bringing  representatives  of  the  two  illuminants  in  contact  with 
one  another,  and  suggesting  opportunities  for  beneficial  co-operation. 
But  should  any  unforeseen  difficulties  be  encountered,  which  we  do  not 
anticipate,  it  may  be  noted  that  the  resolution  taken  hy  the  International 
Electrotechnical  Congress  at  Turin  would  provide  for  a  second  effort. 

For  the  successful  conversion  and  extension  of  the  Zurich  Commission, 
special  thanks  are  due  to  the  efforts  of,  amongst  others,  the  President, 
M.  Vautier,  Dr.  E.  P.  H3-de,  and  Mr.  C.  C.  Paterson,  who  is  now  the  Hon. 
Secretarv  of  the  new  Commission.  London  thus  becomes  the  official 
centre  from  which  business  will  be  transacted.  It  was  recognised  that 
London  is  well  fitted  geographically  to  act  as  a  link  between  the  Continent 
and  the  United  States,  and  the  advance  of  the  illuminating  engineering 
movement  in  this  country  has  doubtless  been  appreciated  b}'  all  who  have 
followed  the  work  done  by  our  Societ}^ 

In  the  new  statutes  of  the  Commission  provision  has  been  made  for  the 
formation  of  National  Committees  in  all  the  chief  civilised  countries. 
Where  Illuminating  Engineering  Societies  already  exist,  it  was  agreed  these 
bodies  might  quite  well  be  selected  to  replace  the  national  committees  and 
might  appoint  members  to  serve  as  delegates  on  the  International  Commis- 
sion on  Illumination.  In  order  to  provide  for  equal  representation  of  the  gas 
and  electric  interests  it  would  also  be  desirable  that  the  delegates  appointed 
should  also  be  members  respectively  of  the  Institutions  of  Gas  and  Electrical 
Engineers.  This  precedent  was  established  b}'  Germany  at  the  Berlin 
Congress  and  might  with  advantage  be  followed  in  this  and  other  countries. 
The  Illuminating  Engineering  Society  is  well  fitted  to  act  in  this  wa}'  because 
it  has  among  its  members  so  man 3^  representatives  of  older  and  longer 
established  bodies,  and  the  Institutions  of  Gas  and  Electrical  Engineers 
would  naturally  expect  to  be  represented  by  those  of  its  members  who 
have  made  a  special  study  of  illumination.  The  existence  of  National 
Committees  in  all  the  chief  countries  should  facilitate  the  authoritative 
investigation  of  man}'  problems  connected  with  industrial  lighting  and  will 
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afford  an  exceptional!}'  effective  channel  for  bringing  these  matters  before 
the  general  public.  The  lighting  of  schools,  factories,  and  public  buildings 
should  come  within  their  scope,  and  we  hope  that  generous  support  will 
shortly  be  given  for  the  carrying  on  of  researches  on  this  subject.  The 
proceedings  at  the  Congress  of  School  Hygiene,  to  which  reference  is  made 
below,  aptly  illustrate  the  need  for  investigations  into  school  lighting. 
The  movement  for  better  lighting  should  receive  special  assistance  in  a 
country  whose  pride  it  has  been  to  care  for  the  health  of  all  its  people — from 
the  child  at  school  up  to  the  aged  worker  in  the  factory.  The  matter  is 
of  national  importance,  and  we  venture  to  suggest  that  due  encouragement 
might  well  be  torthcoming  from  the  Government  of  this  country. — We  may 
mention  that  the  Government  of  another  European  nation  has  already 
provided  a  grant  of  /i,ooo  a  year  in  order  to  facilitate  the  work  of  a 
similar  Commission. — We  feel  sure  that  generosity  in  this  respect  will  be 
repaid  to  the  nation  many  times  over  in  years  to  come. 

The  International  Congress  on  School  Hygiene. 

Last  month  we  were  referring  to  the  International  Medical  Congress 
lield  in  London  during  August,  and  we  pointed  out  the  great  value  of 
such  congresses  as  a  means  of  disseminating  information  among 
the  general  pubhc.  At  this  Congress  Dr.  James  Keir  and  Mr.  J. 
Herbert  Parsons  read  papers  on  various  aspects  of  illumination  as 
affecting  vision.  These  papers  led  to  a  keen  discussion,  and  it  is  pleasing 
to  see  that  the  medical  profession,  in  whose  hands  so  much  power  rests  to 
remedy  the  abuse  of  light,  are  taking  these  questions  up  with  greater  vigour. 

We  have  now  before  us  an  account  of  the  papers  presented  at  the 
Fourth  International  Congress  on  School  H3'giene  held  at  Buffalo  during 
August  20th  to  30th.  On  this  occasion  Dr.  James  Kerr  presented  a  paper 
on  School  Lighting,  and  summarised  the  conclusions  of  the  British  Joint 
Committee  on  the  subject,  of  which  he  is  Chairman.  An  enterprising 
step  was  taken  by  the  American  Illuminating  Engineering  Society  in 
arranging  for  a  joint  conference  on  School  Lighting,  and  we  understand  that 
the  exchange  of  views  between  lighting  engineers  and  medical  authorities 
led  to  a  ver}'  useful  discussion.  Joint  meetings  of  tliis  kind  can  do  much 
to  harmonise  the  views  of  experts,  and  the  same  method  has  been 
previoush'  adopted  by  the  Illuminating  Engineering  Society-  in  this  country 
with  great  success. 

We  would  like  to  see  artificial  lighting  taking  a  much  more  prominent 
place  in  school  hs'giene  in  the  future.  In  some  text -books  on  School  Hygiene 
written  by  medical  authorities  the  position  of  windows  and  daylight  illumin- 
ation are  discussed  in  detail,  but  little  reference  is  made  to  artificial  light. 
We  have  no  doubt  that  the  good  work  being  done  by  the  Illuminating 
Engineering  Soci(>ty  in  England  and  America  will  bring  about  a  needed 
-change  in  this  respect. 

The  connection  between  poor  eyesight  and  defective  conditions  of 
illumination  seems  to  be  now  well  established.     This  is  emphatically  a  case 
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in  which  prevention  is  better  than  cure.  In  this  country,  the  authorities 
have  recenth^  embarked  on  an  elaborate  scheme  of  school  inspection. 
We  suppose  that,  in  an  average  school,  the  expense  of  medical  inspection 
per  annum  exceeds  considerably  that  necessary  to  cover  the  cost  involved 
of  putting  the  lighting  on  a  satisfactory  basis.  Moreover  the  benefit  of 
improved  lighting,  once  introduced,  would  be  permanent,  and  prevention  of 
defects  of  vision  is  surely  preferable  to  their  alleviation  by  means  of  glasses, 
&c.  Medical  ofhceis  themselves  are  doing  their  utmost  to  cop?  with  the 
defective  vision  unfortunatel}'  so  prevalent  in  the  schools  of  to-day,  and 
it  is  only  right  that  the  lighting  should  be  up  to  a  reasonably  good 
standard  in  order  that  their  efforts  may  have  a  fair  prospect  ol  success. 
This  continuous  depreciation  in  eyesight  is  obviously  an  industrial  drain 
on  the  nation.  It  means  that  we  are  turning  out  people  whose  earning 
power  and  value  to  the  communit}^  is  impaired.  Every  effort  should, 
therefore,  be  made  to  ascertain  the  causes  of  these  defects  and  to  secure 
their  removal. 


The  National  Gas  Exhibition. 

This  number  appears  on  the  eve  of  the  opening  of  the  National  Gas 
Exhibition  at  Shepherd's  Bush. 

We  have  several  times  laid  stress  on  the  efforts  that  are  being  made 
by  the  Executive  Committee  to  render  the  Exhibition  novel,  attractive, 
and  instructive  to  the  general  public.  The  feature  that  appeals  most 
to  us  is  the  prominent  place  given  to  illumination,  and  we  understand  that 
there  will  be  a  number  of  exhibits  of  more  than  ordinary  interest. 

We  have  before  us  the  programme  of  conferences  to  be  held  during  the 
month.  Special  days  are  allotted  to  such  subjects  as  the  value  of  good 
illumination  from  the  educational  standpoint,  the  hygiene  of  lighting  and 
heating,  some  aspects  of  scientific  illumination,  &c.,  and  there  will  be 
a  conference  of  manufacturers  at  which  various  papers  deahng  with  industrial 
illumination  are  to  be  read. 

The  importance  of  the  occasion  will  be  understood  from  the  list  of 
presidents  and  vice-presidents  of  the  various  sections,  which  include  such 
names  as  those  of  Sir  George  Kekewich,  Lord  Ra\-leigh,  Earl  Grey,  the 
Duke  of  Argyll,  and  other  well-kno\^Tl  patrons. 

There  are  in  all  over  30  papers  to  be  presented,  and  they  cover  a  great 
variety  of  topics.  The  conferences  are  to  be  supplemented  b}'  a  series  of 
popular  lectures,  to  take  place  daily  throughout  the  month  ol  October  ; 
many  of  these  should  prove  of  lasting  benefit  to  the  public  and  the  gas 
industry. 

A  considerable  proportion  of  the  papers  and  lectures  deal  directh*  with 
lighting.  The  proceedings  will  no  doubt  be  of  exceptional  value  to  the 
members  of  the  Illuminating  Engineering  Society,  and  we  hope  that  many 
of  them  will  be  present  and  join  in  the  discussions. 

Leon  Gaster. 
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TECHNICAL  SECTION. 


The  Editor  while  not  soliciting  contributions,  is  willing  to  consider  the 
publication  of  original  articles  submitted  to  him,  or  letters  intended 
jor  inclusion  in  the  correspondeiice  columns  of  "  The  Illuminating 
Engineer." 

The  Editor  does  not  necessarily  identify  himself  ivith  the  opinions 
expressed  by  his  contributors. 


THE    INTERNATIONAL    COMMISSION    ON 
ILLUMINATION. 

Results  of  the  Important  Conference   of  Delegates  to  the  International. 
Photometric  Commission,  which  took  place  in  Berlin,  August  27th — 30th,  1913 


Readers  will  recall  that  at  the  Inter- 
national Electrical  Congress  which  took 
place  in  Turin  in  1911,  a  resolution  was 
passed  approving  the  formation  of  an 
International  Commission  on  Illumina- 
tion, at  the  initiative  of  the  Illuminating 
Engineering  Society  of  London. 

The  need  for  such  an  international 
body  was  pointed  out  by  Mr.  Leon 
Gaster  in  his  paper  at  the  Congress  of 
Turin,  when  he  suggested  that  the  desired 
Commission  be  constituted  by  enlarging 
the  scoj)e  and  membership  of  the  Zurich 
International  Photometric  Commission. 
Negotiations  have  been  taking  place 
for  some  time  with  a  view  to  making 
this  body  fully  representative  of  various 
countries  and  different  methods  of 
illumination.  With  this  end  in  view 
national  committees  have  been  formed 
in  the  chief  countries,  and  at  the  fourth 
meeting  of  the  International  Photo- 
metric Commission,  opened  in  Berlin 
by  the  President,  M.  Vautier,  on  Wednes- 
day, August  27th,  and  lasting  until 
Saturday  evening,  August  30th,  this 
matter  came  up  for  discussion. 

There  were  present  forty-five  delegates 
representing  the  institutions  connected 
with  gas  and  electric  lighting  and 
illumination  in  the  following  countries  : — 
England,  France,  Germany,  Italy,  Austria, 


Switzerland,  Belgium,  Holland,  and  the 
LTnited  States  of  America. 

The  President  in  his  opening  address, 
recalled  that  the  International  Photo- 
metric Commission  had  been  founded 
by  the  International  Congress  of  Gas 
Industries,  which  took  place  in  Paris 
in  connection  with  the  Universal 
Exhibition  of  1900.  All  the  above- 
named  countries  having  technical 
societies  representing  the  gas  industry 
had  taken  part  in  this  Congress,  the 
object  of  which  was  to  study  the  methods 
to  be  employed  in  the  photometry  of 
incandescent  gas  lights  ;  and  to  organise 
investigations  on  the  practical  applica- 
tions of  gas.  A  considerable  amount  of 
useful  photometric  work  has  been  carried 
out  and  presented  at  subsequent 
Congresses  in  1903,  1907,  and  1911. 

In  giving  a  history  of  the  work  of  the 
Commission,  the  President  proceeded 
to  explain  the  reasons  for  now  enlarging 
its  scope,  so  as  to  comprise  the  study  of 
all  illuminants  and  all  questions  relating 
to  the  science  and  art  of  illumination. 

This  was  the  first  occasion  on  which 
delegates  from  the  electrical  industry 
and  the  illuminating  engineering  societies 
had  been  present,  the  object  being 
to  propose  statutes  for  the  new  Inter- 
national Commission  on  Illumination. 
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After  four  days'  careful  consideration 
of  these  statutes  the  Commission  was 
duly  declared  constituted.  It  will  have 
the  widest  scope,  the  general  object  of 
the  Commission  being  to  promote  the 
study  of  all  questions  relating  to  the 
science  and  art  of  illumination,  and  to 
establish  by  appropriate  means  inter- 
national agreement  on  all  questions 
connected  with  questions  of  Illuminating 
Engineering.  Each  country  is  to  have 
only  one  vote  and  to  contribute  the  same 
amount  of  money,  to  the  expenses 
of  the  central  office.  All  countries 
interested  in  the  subject  of  illumination 
have  now  an  opportunity  of  forming 
national  lighting  committees  and  of 
sending  delegates  to  participate  in  the 
deliberations  of  the  Commission.  In 
countries  where  illuminating  engineering 
societies  exist  it  wiU  no  doubt  be  con- 
venient for  delegates  representing  that 
country  to  be  appointed  from  among  their 
members.  At  this  meetiug  a  very  prac- 
tical step  was  taken  by  Germany  in 
arranging  for  its  representation  by  the 
Illuminating  Engineering  Society  in  that 
country,  in  place  of  the  National  Com- 
mittees foimed  by  other  nations,  to  which 
the  illuminating  engineering  societies 
and  the  gas  and  electrical  institutions 
all  sent  delegates.  It  was  also  decided 
that  the  French  language  should  be 
used  in  the  oflB.cial  versions  of  the  reso- 
lutions and  reports  of  proceedings  at 
meetings  of  the  Commission  ;  but  Eng- 
lish and  German  are  also  used  in  the 
deliberations. 

The  draft  statutes  were  unanimously 
accepted,  but  have  still  to  be  confirmed 
by  the  various  institutions  represented 
at  this  Congress,  and  cannot,  therefore, 
yet  be  made  public. 

M.  Vautier  was  elected  President  of 
this  International  Commission  ;  Vice- 
Presidents,  Dr.  Bunte,  Dr.  Hyde,  and 
Dr.  Kusminsk}^ ;  Treasurer,  Herr  Weiss. 
Mr.  C.  C.  Paterson,  of  the  Na clonal 
Physical  Laboratory,  England,  was 
nominated  Hon.  Secretary.  London  will 
thus  become  the  official  centre  from  which 
the  business  of  the  Commission  is  trans- 
acted. 

The  next  session  is  to  be  held  in 
Paris  in  1916,  by  which  time  it  is  hoped 
a  good  deal  of  useful  work  will  have 
been    accomplished.     A    series    of    sub- 


Committees  on  special  subjects  is  being 
appointed,  and  it  is  anticipated  that 
their  reports  will  be  available  at  the  next 
session. 

The  following  were  the  delegates  of  the 
respective  countries  : — 

Gerniany  :  Dr.  Bloch,  Dr.  Bunte,  Prof, 
Drehschmidt,  Dr.  Brodhun,  Dr.  Eitner, 
Herr  Gorges,  Dr.  Kriiss,  Herr  Mohr, 
Dr.  Monasch.  Prof.  L.  Weber. 

Great  Britain :  Mr.  Butterfield,  Dr. 
Colman,  Mr.  W.  Duddell.  Mr.  Edgcumbe, 
Mr.  Gaster,  Mr.  Le  Maistre,  and  Mr. 
Paterson. 

France :  Dr.  Broca,  M.  Laporte,  M. 
Janet,  M.  Masse. 

Austria- Hungary :  Dr.  Kusminsky, 
Prof.  Strache. 

United  States  of  America  :  Dr.  Bell, 
Dr.  Hyde,  Dr.  Kenelly,  Mr.  Mailloux, 
Mr.  Millar,  Dr.  Sharp.  ^ 

Switzerland :  M.  Filliol,  M.  Gerwer, 
Dr.   Ott,  M.   Weiss. 

Holland:  Prof.  Feldmann,  Dr.  M.  de 
Haas,  M.  W.  Niermeyer,  M.  J.  van 
Rossum  du  Chattel,  Dr.  Terneden. 

Italy :  Sig.  Bohm,  Sig.  Conti,  Sig. 
Clerici,  Sig.  Sales,  Sig.  Vallam-i. 

Belgium  :    M.  Greyson  de  Schodt. 

It  is  gratifying  for  those  in  this  country 
who  are  interested  in  the  subject  of 
illumination  to  see  that  one  of  the  aims 
of  the  Illuminating  Engineering  Society 
has  been  so  quickly  accomplished. 
Special  thanks  are  due  to  the  President, 
Mons.  Vautier,  Dr.  E.  P.  Hyde  and  Mr. 
C.  C.  Paterson,  for  their  labours  in 
connection  with  this  work. 

At  the  conclusion  of  the  proceedings 
the  delegates  dined  together  at  the 
Esplanade  Hotel,  and  they  were  sub- 
sequently entertained  as  the  guests 
of  the  German  Illuminating  Engineering 
Society,  at  a  dinner  given  in  the 
Zoological  Gardens. 

The  keen  interest  taken  by  all  the 
delegates  was  a  most  encouraging  sign 
and  there  is  every  reason  to  hope  that  the 
future  deliberations  of  the  Commission 
will  bring  about  a  more  perfect  utilisation 
of  existing  illuminants,  thus  paving  the 
way  for  future  progress. 
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AN  INTERESTING  MEMENTO  OF  AN  HISTORIC  OCCASION. 

Facsimile  of  Bignatures  of  delegales  o,i   the  Tnenn  of  the  .liui.er  givou  at  the  Esplanade 

Hotel  during  the  Cougress. 
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THE    INTERNATIONAL   ELECTROTECHNICAL  COMMISSION. 

(Second  MEETma  held  in  Berlin,  September,  1913.) 


The  second  meeting  of  the  Electro- 
technical  Commission,  which  took  place 
in  Berlin  last  month,  was  attended  by 
about  seventy  delegates  from  twenty-four 
different  countries. 

Reports  from  various  committees  were 
presented  and  discussed,  and  some  impor- 
tant resolutions  taken  by  the  subsequent 
plenary  meeting. 

A  list  of  about  eighty  different  terms 
and  definitions  was  adopted,  including 
German  and  Spanish  equivalent  terms 
additional  to  those  already  adopted  in 
English  and  French.  There  was  also  an  im- 
portant report  presented  by  the  National 
Physical  Laboratories  of  London,  Paris, 
Berlin,  and  Washington  dealing  with 
the  international  standardisation  of 
copper. 

Other  items  included  the  terminology  of 
water  power,  for  which  a  number  of  new 
symbols  were  proposed.  There  was  a 
prolonged  discussion  on  the  rating  of 
electrical  machinery.  Although  distinct 
progress  has  been  made  towards  the 
settlement  of  this  thorny  question,  it  was 
agreed  not  to  adopt  formal  resolutions  on 
the  subject,  and  the  points  in  discussion 


are  being  referred  back  to  the  National 
Committees. 

In  the  course  of  the  meeting  Mr.  L. 
Gaster  made  a  brief  reference  to  the 
proceedings  at  the  meeting  of  the  Inter- 
national Photometric  Commission,  just 
terminated.  In  view  of  the  resolution 
on  the  subject  passed  at  the  International 
Electrical  Congress  in  Turin  in  1911, 
he  thought  it  desirable  to  bring  to  their 
notice  the  step  now  taken  to  form  the 
International  Commission  on  Illumina- 
tion, by  suitably  enlarging  the  member- 
ship and  functions  of  the  International 
Photometric  Commission. 

The  President-Elect  for  the  next  two 
years  is  Mr.  Maurice  Leblanc,  and  the 
Hon.  Secretary,  Col.  R.  E.  Crompton,  has 
been  re-elected.  Special  thanks  are  due 
to  the  General  Secretary,  Mr.  C.  le 
Maistre,  to  whose  efforts  the  success  of 
the  meeting  was  largely  due. 

The  next  meeting  of  the  Commission 
i*  to  take  place  in  1915  in  San  Francisco. 
Prof.  M.  de  Chatelaine,  on  behalf  of  the 
Russian  National  Committee,  invited  the 
Commission  to  meet  in  St.  Petersburg 
in  1917. 


GLARE  FROM  POLISHED  PAPER. 


A  short  note  on  this  subject  has  been 
issued  by  a  committee  appointed  by 
the  American  Illuminating  Engineering 
Society. 

It  is  remarked  :— 

'"  The  only  effective  method  of  removing 
this  cause  of  eye-strain  is  to  eliminate 
glazed  or  polished  surfaces  fiom  general 
use.  Glazed  paper  is  the  greatest 
offender  in  producing  eye-strain,  although 
other  polished  sm'faces  such  as  glossy 
ink,  glass  and  varnished  desk  tops, 
blackboards  and  glazed  walls  are  bad 
enough.  Several  journals  have  already 
adopted  unglazed  paper,  having  recog- 
nised the  necessity  for  catering  to  the 
comfort  of  their  readers.  Among  the 
'  remediable  causes  of  eye-strain  in 
present  school  conditions  '  embodied  in 
the  report  of  the  Association  of  Women 


Principals  of  New  York  City  glazed 
paper  receives  the  first  consideration,  with 
the  recommendation  '  That  hereafter  no 
calendered  or  coated  paper  be  permitted 
in  the  lextbooks  aiven  to  the  children, 
as  the  dazzle  of  such  paper  is  injurious  to 
their  eyes.' " 

The  chief  difficulty  at  present  is  the 
effective  presentation  of  half-tone  block?.* 

In  the  note  issued  by  the  American 
Illuminatmg  Engineering  Society  the 
inside  is  printed  on  polished  paper  and 
the  cover  on  mat  paper,  with  a  view  to 
illustrating  the  difference  in  effect  with 
the  two  materials. 

*  The  recent  reprint  of  "  Light  and  Illumin- 
ation ;  Their  Use  and  Misuse  "  from  these 
columns,  issued  by  the  Illuminating  Engineering 
Publishing  Co.  (111.  Eng.  Dec,  1912),  will  show 
what  can  be  done  in  this  direction. 
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INTERNATIONAL  CONGRESS   ON  SCHOOL   HYGIENE. 


Held  at  Buffalo,  New  York,  August  25th-30th. 


At  the  Fourth  International  Congress 
■on  School  Hygiene  held  at  Buffalo,  New 
York,  from  August  25th-30th,  a  Joint 
Session  was  held  with  the  American 
Illuminating  Engineering  Society.  The 
list  of  papers  being  as  follows  : — 

First  Session,  Friday,  August  29tk,  2  p.m. 


"  The  Illumination  Primer  of  the  Illuminating 
Engineering  Society  " — E.  L.  Elliott,  Consulting 
Illuminating  Engineer,  489,  Fifth  Avenue,  New 
York  City,  N.Y. 

"  The  Relation  of  Illumination  to  Ocular 
Hygiene " — E.  M.  Alger,  M.D.,  Professor  of 
Diseases  of  the  Eye,  New  York  Graduate  Medical 
.School,  40,  East  41st  Street,  New  York,  N.Y. 

"  The  Efficiency  of  the  Eye  Under  Different 
Systems  of  Lighting  " — C.  E.  Ferree,  Professor 
■of  Psychology,  Bryn  Mawr  College,  Bryn  Mawr, 
Pa. 

"  Glare  from  Paper  " — M.  Luckiesh,  Physicist, 
National  Electric  Lamp  Association  Physical 
Laboratory,  Cleveland,  Ohio. 

"  Influence  of  Blackboards'  Position  on 
Lighting  of  Desks  " — Mathilde  Gstettner,  M.D., 
Assistant  Oculist  Vienna  Polyclinic  High  School, 
Secretary  Austrian  School  Hygiene  Association, 
Vienna,  Austria. 


Second  Session,  Saturday,  August  SOtk,  9  o.w. 


"  School  House  Lighting "' — Dr.  D.  W. 
Weaver,  County  Commissioner  of  Health, 
Greensburg,  Ind. 

"  The  Illumination  of  (Jlass-rooms  "■ — Dr- 
James  Kerr,  Department  of  Education,  London 
County  Council. 

"  School  House  Lighting  in  General  from  the 
Standpoint  of  an  Engineer " — B.  B.  Hatch, 
Electrical  Engineer,  120,  Boylston  Street, 
Boston,  Mass. 

"  Rural  School  Illumination  '" — W.  L.  Coffee, 
School  Commissioner,  Cheboygan,  Mich. 

"The  Practical  Methods  of  Testing  Light  in 
School  Rooms,  with  a  Demonstration  of  the 
Photometer  for  Lightinii  Tests  in  School  and 
Work  Rooms  " — George  Fitz,  M.D.,  Peconic, 
Long  Island,  N.Y. 


Hygiene  of  Vision. 

Among  the  papers  on  this  subject 
special  interest  attaches  to  that  by  Dr. 
E.  M.  Alger,  who  presented  an  analysis 
of  the  chief  defects  in  artificial  lighting  at 
the  present  day,  laying  special  stress  on 
the  injury  that  may  be  done  to  the  retina 
by  unduly  bright  lights.  By  focusing 
the  sun's  image  on  the  retina  permanent 
blindness  may  be  caused.  But  a  very 
important  influence  is  exercised  by  the 
adaptation  of  the  eye,  and  if  the  change  is 
not  too  sudden  the  retina  can  accommo- 
date itself  to  enormous  changes  in 
brightness. 

Unsteady  lights  are  also  injurious  ;  it 
is  possible  "that  even  a  slight  flicker  in  the 
lights,  of  which  the  observer  is  uncon- 
scious, may  nevertheless  have  a  trying 
effect  on  the  eye.  It  is  important  to  note 
that  while  daylight,  generally  speaking, 
is  most  pleasant  to  the  eye,  there  are 
certain  defects  that  need  to  be  carefully 
guarded  against,  and  the  fact  of  light 
coming  entirely  from  one  side  of  the  room 
from  the  windows  is  not  always  advan- 
tageous. 

Mr.  Lancaster  pointed  out  how  very 
variable  daylight  illumination  in  a  school- 
room may  be.  Light  surroundings,  have 
an  important  effect  in  diffusing  the 
light  and  getting  better  uniformity. 
Reference  was  also  made  to  the  use  of 
prismatic  glass.  Some  of  those  present 
believed  in  oveihead  sky  lighting  when 
possible,  but  the  o])inion  wa  s  also  expressed 
that  light  coming  from  directly  overhead 
is  inadvisable  and  it  was  suggested  that 
skylights  should  be  made  of  glazed  or 
ribbed  glass,  which  has  the  effect  of 
distributing  the  light.  Mr.  Ward  Harri- 
son referred  to  a  school  in  which  the  glass 
area  in  the  ceiling  was  about  20  per  cent, 
of  the  total  floor  area,  and  artificial  light 
sources  were  hung  directly  below  the 
glass  giving  a  distribution  of  artificial 
light  quite  similar  to  that  of  daylight. 
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Direct,   Indirect,  and   Semi-Indirect 
Lighting. 

The  discussion  of  the  efficiencies  of 
different  systems  of  lighting  revealed 
decided  differences  of  opinion.  Prof. 
C.  E.  Ferree  described  some  tests  on  eye 
fatigne  which  seemed  to  suggest  that 
indirect  lighting  gave  better  effects  than 
direct  systems  and  that  in  any  case  the 
conditions  of  fatigue  were  more  obvious 
than  by  daylight.  On  the  other  hand, 
Dr.  Miles  Standish  thought  that  such 
conclusions  should  be  accepted  cautiously, 
for  in  his  experience  many  people  com- 
plained of  indirect  systems.  Dr.  James 
Kerr  suggested  that  the  results  would 
depend  on  the  system  of  testing.  Possibly 
Professor  Ferree  would  have  come  to 
different  conclusions  had  he  used  as  his 
criterion  the  threading  of  a  number  of 
needles  in  a  given  time.  Mr.  G.  H. 
Stickney  thought  that  no  definite  con- 
clusion could  be  reached  on  the  question 
of  the  eye-fatigue  caused  by  direct  and 
indirect  systems  of  lighting  until  more 
evidence  was  available. 

Effect  of  Glare  from  Paper. 

The  contribution  by  Mr.  Luckiesh  on 
this  subject  was  designed  to  show^  how 
readily  the  use  of  highly  glazed  papers 
might  defeat  the  aims  of  the  lighting 
engineer.  He  referred  to  the  work  of  the 
Committee  of  the  Illuminating  Engineer- 
ing Society  (U.S.A.)  on  this  point,  of 
which  he  was  chairman,  and  exhibited 
a  booth  in  which  the  comparative  effects 
of  mat  and  shiny  paper  could  be  compared. 
For  school  books  mat  paper  is  naturally 
preferable  and  there  seems  a  need  for  a 
standard  in  this  respect.  The  design  of 
well-distributed  systems  of  lighting  and 
the  use  of  light  surroundings  are  also  of 
service  in  avoiding  inconvenient  reflec- 
tions from  paper,  polished  surface  of 
desks,  tiles,  &c. 

Dr.  Roeber  mentioned  that  the  Penn- 
sylvania Commission  recommended  using 
mat  paper  in  school  books  and  pasting  a 
slip  on  the  front  of  each  book  giving 
directions  how  the  book  should  be  held 
and  the  best  position  for  reading. 

Glare  and  Blackboard  Lighting. 

The  effect  of  direct  reflection  from  the 
surface  of  the  blackboard  is  a  matter  of 


great  importance.  In  many  cases  it  is 
extremely  difficult  to  avoid  regular 
reflection  from  a  board  with  light  coming 
from  the  windows  at  the  side,  but  Mr. 
Luckiesh  has  found  that  tilting  the  board 
in  some  cases  proved  beneficial.  The 
best  solution  of  the  problem  is  to  use 
blackboards  with  a  dead  mat  surface. 
One  of  the  speakers  suggested  that  a  dull 
brown  colour  was  preferable  to  dead 
black.  Another  proposal  was  that  a  roll 
of  white  paper,  on  which  figures  could 
be  marked  in  black  chalk,  should  be 
employed. 

Methods  of  Testing  Illumination. 

A  paper  on  this  subject  was  read  by 
Dr.  George  Fitz,  who  considered  acuteness 
of  vision  tests  an  incomplete  method  of 
testing  illumination,  and  thought  that 
many  of  the  empirical  tests  connecting 
floor  area  and  window  space,  solid  angle 
of  sky  possible  from  the  desk,  &c.,  were 
preferable  as  far  as  daylight  illnmination 
is  concerned.  In  this  connection  he 
referred  to  the  famous  work  of  Professor 
L.  Weber,  of  Kiel,  and  exhibited  an  appar- 
atus for  estimating  the  approximate  sky 
area  visible.  A  similar  device  was  also 
shown  by  Di.  James  Kerr.  Dr.  Kerr  also 
mentioned  a  method  sometimes  employed 
in  school-rooms  according  to  which  an 
illumination  was  considered  satisfactory 
when  a  standard  type  could  be  seen  clearly 
through  a  dark  glass  absorbing  96  per 
cent,  of  the  light. 

General  Problems  in  School  Lighting. 

Papers  on  this  subject  were  read  by 
Dr.  W.  Weaver  and  Dr.  James  Kerr  of  the 
London  Coimty  Council.  Dr.  Weaver 
expressed  the  view  that  both  direct  and 
indirect  lighting  are  equally  suitable  with 
properly  designed  fixtures.  He  emphasised 
the  advantage  of  having  lights  high  up 
out  of  the  range  of  view.  When  this  is 
done  the  eyes  are  protected  by  the  brow 
from  the  direct  rays,  and  the  effects 
of    glare  avoided. 

Dr.  James  Kerr  laid  stress  on  the  great 
variability  of  daylight  illumination  in 
different  parts  of  the  same  room.  One  of 
the  most  important  points  in  school-room 
lighting  was  undoubtedly  the  elimination 
of  glare.  He  mentioned  some  tests  of 
eye-sight  according  to  which  the  acuteness. 
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of  vision  of  20  per  cent,  of  the  pupils 
examined  was  below  normal,  while  that  of 
ten  per  cent,  was  actually  only  one-third 
of  normal.  As  regards  the  position  of 
windows  he  recommended  that  the  sky- 
line should  not  be  lower  than  2-5  degrees 
from  the  horizontal  line  to  the  eye.  The 
problem,  in  designing  school-rooms,  is  to 
reconcile  the  provision  of  maximium 
window  space  (with  a  view  to  improving 
daylight  illumination)  with  the  effect  of 
such  a  large  area  of  glass  on  the  heating 
and  ventilation  of  the  room. 


In  conclusion,  he  gave  an  account  of 
the  conclusions  reached  by  the  Committee 
appointed  by  the  British  Illuminating 
Engineering  Society,  of  which  he  was 
chairman,  and  strongly  advised  that  the 
minimum  illumination  should  not  be  less 
than  two  foot-candles. 

It  is  stated  that  the  Congress  was 
exceedingly  well  attended,  and  the  idea 
of  promoting  an  interchange  of  views 
between  lighting  engineers  and  medical 
officers    seems    to    have    been    a    fficeat 


SCHOOL  LIGHTING. 


Experiences  at  Salford  Technical  Institute. 


Mr.  D.  H.  Ogley,  of  the  Salford 
Technical  Institute,  kindly  sends  us  a 
copy  of  a  paper  read  by  him  some  time 
ago  on  the  subject  of  school  lighting.  In 
this  he  quotes  fi'om  a  recent  report  of  Dr. 
James  Kerr,  and  discusses  in  some  detail 
the  question  of  the  best  positions  of 
lamps,  avoidance  of  glare,  and  provision 
of  sufficient  illumination. 

It  is  interesting  to  notice  that  the 
general  conclusions  reached  by  Mr.  Ogley 


are  similar  to  those  put  forward  now  by 
the  Joint  Committee  appointed  by  the 
Illuminating  Engineering  Society.  The 
same  applies  to  the  experiments  under- 
taken by  Mr.  C.  E.  Greenslade  at  the 
Crawford  Technical  Institute  and  described 
in  our  August  number.  In  fact,  there  seems 
every  reason  to  think  that  the  Joint  Com- 
mittee has  succeeded  in  summarising  in 
its  report  the  views  generally  held  by 
those  who  have  studied  school  lighting. 


STREET-LIGHTING   IN   MANCHESTER. 

In  a  recent  paper  before  the  Institution 
of  Electrical  Engineers,  S.  L.  Pearce 
and  H.  A.  Ratcliff  gave  some  interesting 
particulars  regarding  improvements  in 
Manchester  street-lighting.  The  illumina- 
tion in  two  of  the  main  streets.  Princess 
Street,  lighted  by  high-pressure  gas, 
and  Portland  Street,  lighted  by  flame 
arc  lamps,  is  exceptionally  high,  and  the 
authors  presented  the  accompanying 
comparative  data. 


Princess 

Street. 

Portland 

High- 

Street. 

pressure 

Arcs. 

gas. 

Candle  power  of  lamps     . . 

1,750 

2,970 

Number  of  lamps  to  the  mile 

49-34 

43-6 

Running  costs  per  lanii)  per  hour 

l-5d. 

0-7d. 

Capital  cost  per  mile  of  street     . . 

£2,537 

£1,569 

Runiiinj;  cost  per  1,000  C.P.  hours 

0-857(1. 

0-236d. 

Cost   per  annum   per  mile,  equal  1 

illumination         . .          . .          . .    > 

£675 

£254 

Minimum    ilhinnnntion,    basis    of 

comparison 

0-39  f.c. 

0-5  f.c. 

Cost  per  mile  of  street  per  annum  | 

(up    to     11    oVIock)    at    above 

illumination         . .          . .          . . 

£617 

1 

£254 

498 


THE  ILLUMINATING  ENGINEER 


THE    LIGHTING    OF    SCHOOLROOMS. 

Some  Notes   on  the  Report   for  the  Year   1912,  Issued   by  Dr.   Meredith 
YouxG,  Chief  School  Medical  Officer  to  the  Cheshire  Counts  Council. 


From  the  valuable  report  issued  by  Dr. 
Meredith  Young  it  would  appear  that 
three  factors  in  school  hygiene — the 
eyesight  of  the  children,  the  nature  of 
the  type  and  paper  used  in  books,  and 
the  lighting  (natural  and  artificial) — need 
to  be  considered  together. 

Eyesight  Returns. 

In  some  cases  the  percentage  of  children 
with  defective  vision  is  decidedly  high, 
and  there  is  little  doubt  that  faulty  con- 
ditions as  regards  nature  of  occupation 
and  lighting  are  mainly  responsible. 
For  example,  Dr.  Cameron  Gibson  (Mid- 
Cheshire)  reports  that  of  2,458  children 
tested,  19  per  cent,  proved  to  have 
defective  vision.  In  general,  as  the 
following  figures  show,  defective  eyesight 
is  most  prevalent  in  an  urban  population  : 


No. 
examined. 

No.  with 

defective 

sigiit. 

No.  of  these 
wearing 
glasses 

Boys    n 

Rural 
Urban 

569 

744 

78 
(13-7   %) 

167 
(22-4   %) 

24 
(31  %) 

52 
(34  %) 

Girls 

Rural 
Urban 

511 
634 

75 
(14-7   %) 

158 
(24-9   %) 

20 
(27  %) 

36 
(23  %) 

Paper  and  Printing  of  School  Books. 

There  is  no  doubt  that  one  of  the  chief 
visual  defects,  myopia,  is  due  largely 
to  excessive  close  vision,  and  that  out- 
door life,  participation  in  games,  sports, 
&c.,  have  a  favourable  influence  in 
preventing  short  sight.  Obviously  there- 
fore the  kind  of  type  used  in  books  should 
be  carefully  selected.  Dr.  Meredith 
Young  advocates  the  standardisation 
in  this  respect  of  text-books  for  the 
young,  and  quotes  at  length  from  a  re- 
cent report  of  a  committee  of  the  British 
Association.  The  chief  requirements 
are  large  type,  bold  and  clear  illustrations 
(complicated    pictmes    with    masses    of 


detail  are  unsuitable  for  school  children), 
and  good  paper.  The  use  of  glossy  paper 
which  gives  rise  to  troublesome  reflections 
should  be  avoided,  and  qualities  of  paper 
which  allow  the  type  on  the  other  side  to 
show  through  are  also  bad.  Special 
reference  is  made  to  the  recent  develop- 
ments in  printing  half-tone  blocks  on 
matt  paper.  A  cream-colom-ed  paper  is 
somewhat  preferable  to  pure  white,  which 
somewhat  readily  becomes  soiled. 

As  an  illustration  of  the  size  of  type 
for  children,  it  is  recommended  that  the 
number  of  letters  per  inch  should  not 
exceed  : — 

6 — 7  letters  for  readers  under  7  years  of 

age; 
8 — 9  letters  for  readers  from  7 — 8  years 

of  age  ; 
11 — ^12  letters  for  readers  from  8 — 9  years 

of  age  ; 
13  letters  for  readers  from  9 — 12  years  of 

age  : 
13 — 14  letters  for  readers  over  12  years  of 

age. 

The  length  of  the  line  is  a  matter  of  some 
consequence  :  approximate  but  not 
absolute  uniformity  is  preferable,  and  good 
margins  are  very  restful  to  the  eye.  For 
evening  work  it  is  recommended  that  the 
conditions  suggested  for  people  over  the 
age  of  12  should  not  be  departed  from — 
even  in  the  case  of  adults. 

The  Lighting  of  Schoolrooms. 

As  regards  the  lighting  of  schoolrooms, 
we  cannot  do  better  than  give  the  report 
of  Dr.  Cameron  Gibson  in  extenso.  The 
coloured  diagi'ams  (one  of  which  we 
reproduce  in  black  and  white),  showing 
the  distribution  of  illumination  in  an 
average  room  are  particularly  interesting. 

"  The  instrument  used  was  Bishop 
Harman's  photometer,  in  M^hich  the 
illumination  at  the  place  to  be  tested  is 
matched  by  that  from  a  standard  candle, 
the  distance  of  which  from  tlie  illuminated 
object   can  be   varied  and  measured  by 
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mechanical  means.  The  illumination  is 
then  read  off  in  "  foot-candles  "  ;  a  light 
of  tliree  foot-candles  means  such  a  light 
as  would  be  given  by  three  standai'd 
candles  at  a  distance  of  one  foot  from  the 
object.  Further,  Bishop  Harman  suggests 
that  the  minimum  illumination  advisable 
is  nine  foot-candles  for  daylight  or  three 
foot-candles  for  artificial  light,  measured 
by  his  instrument.  Tlie  intensity  of 
daylight  varies  very  mvich  according  to 
the  state  of  the  sky,  the  hour  of  the  day 
and  the  season,  so  that  in  order  to  compare 
the  natural  illumination  in  one  room 
with  that  in  another  one  requires  some 
measure  of  the  intensity  of  the  daylight 


the  lighting  at  a  certain  point  in  a  room 
is  12  foot-candles,  then,  when  on  another 
occasion  it  takes  100  seconds  outside  to 
darken  the  paper  as  before,  the  illumina- 
tion at  the  same  point  in  the  room  should 
be  fomid  to  be  six  foot-candles.  This, 
however,  is  only  approximately  true,  as 
any  jDoint  in  a  room  is  not  lit  by  the  whole 
sky  but  by  a  small  part  of  it  whose 
brilliancy  may  differ  very  much  from  the 
general  brilliancy.  I  have  stated  above 
that  a  minimum  daylight  illumination  of 
nine  foot -candles  has  been  laid  down 
as  desirable  ;  in  order  to  decide  whether 
any  room  is  well-lit  on  this  basis,  one 
must    premise    a    certain    brilliancy    of 


NATURAL  LIGHTING  OF  SANDBACH  JUNIOR  GIRLS'  SCHOOL  (Room  C). 

Actinoracter  Value  =  30  seconds. 
The  room  is  mapped  out  into  sections  in  which  the  illumination  is  respectively  i!^?-/^^^  (over  10  foot - 
candles),  szifficient  (9 — Iti   foot-candles),   insiifficienf   (3 — 8|  foot-candles),  very  obscure   (under 
3  foot-candles). 
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that  obtained  outside  at  the  time  that  the 
light  inside  the  room  was  estimated. 
This  was  accomplished  by  means  of  a 
photographic  exposure  meter  in  which 
the  time  taken  for  the  light  to  darken  a 
piece  of  sensitive  paper  to  a  standard 
tint  is  noted,  and  as  the  quantity  of  light 
that  must  be  absorbed  in  order  to  pro- 
duce the  definite  amount  of  chemical 
change  corresponding  to  the  change  in 
colour  is  constant,  the  length  of  time 
taken  is  an  inverse  measure  of  the 
brilliancy  of  the  light.  That  is  to  say,  if, 
when  it  takes  50  seconds  out  in  the  open 
to  darken  the  paj^er  to  the  standard  tint, 


Scale  :    one  inch  to  four  feet. 

outside  daylight  at  which  this  figure  of 
nine  foot-candles  must  be  attained  at  the 
working  points  within  the  room.  In  the 
middle  of  the  day,  with  the  air  clear, 
the  winter  sun  may  take  50  seconds 
to  darken  the  sensitive  paper  to  the 
standard  tint,  while  if  the  sun  be  obscured 
by  clouds  the  time  taken  may  be  anything 
up  to  300  seconds,  under  ordinary  con- 
ditions of  weather  ;  so  that  one  can  take 
as  a  low  standard  that  the  illumination  of 
a  room  should  satisfy  requirements  with 
outside  light  having  an  actinometer  value 
of  50  seconds,  that  is  to  say,  weak, 
wintry  sunshine  ;    owing  to  the  variation 
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in  brilliancy  of  different  parts  of  the 
sky,  the  lighting  would  need  to  be 
measured  on  several  occasions.  Many  of 
the  schoolroonis  examined  could  not 
be  classed  as  well  lit,  but  indeed  are 
frankly  bad. 

"  The  ratio  of  the  floor  area  to  the 
glazed  area  of  the  windows  varied  from 
between  6  and  7  to  1  in  the  newer  schools 
to  between  10  and  13A  to  1  in  the  older 


illumination  of  the  desks  was  quite  good, 
but  this  crowding  is  very  reprehensible 
for  other  reasons,  such  as  the  coixmiunica- 
tion  of  diseases  and  of  vermin. 

"  The  width  of  the  room,  from  the 
window  wall,  in  association  with  the 
height  of  the  window,  are  other  very 
imi:)ortant  factors.  With  windows  twelve 
feet  high  the  range  of  good  illumination 
seldom  extends  further  than  18  ft.  to  20  ft. 


SANDBACH  TECHNICAL  SCHOOL  COMMITTEE  DOOM. 

(Artificial  Liditina.) 
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El-v(iti(in  showing  position  of  lights  in  field  of  vision. 


ones.  One  usually  finds  in  these  latter 
rooms  that  only  a  comparatively  small 
portion  of  tlie  floor  is  utilized  for  the 
children,  as  the  desks  are  crowded  into 
the  part  which  is  well-lit  ;  for  instance, 
in  Room  13  with  a  floor  to  glass  ratio  of 
13|  in.  to  1,  53  children  were  crowded  on 
to  a  floor  space  of  168  sq.  ft.,  next  to  the 
windows,  with  the  result  that  the  average 


from  the  window.  One  consequently 
finds  that  in  the  newer  class-rooms,  with 
sufficient  window-area,  and  a  window 
height  of  12  ft.  or  a  little  more,  but  a 
width  of  floor  of  25  ft.,  that  the  file  of 
desks  furthest  from  the  windows,  and  even 
sometimes  two  files,  are  empty  of  children, 
owing  to  their  poverty  of  lighting.  The 
furthest  desks  receive  light  from  the  lowest 
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fourtli  only  of  the  sky,  part  of  which  is 
likely  to  be  obstructed  by  buildings  or 
trees,  and  also  the  light  necessarily  falls 
at  a  very  low  angle  and  is  more  spent  in 
useless  reflection  than  in  illumination. 
The  lower  the  window,  the  less  the  width 
of  floor  that  can  be  well  illuminated. 
Occasionally  one  finds  that  the  passage  of 
light  through  the  windows  is  obstructed 
by  obscuring  of  the  panes  or  by  curtains. 
In  certain  of  the  diagrams  appended  I 
have  shewn  the  improvement  in  the 
lighting  resulting  from  the  removal  of 
bead  curtains  from  the  lower  half  of  the 
windows. 

"  The  lower  limit  of  the  glazing,  or 
height  of  the  sill,  is  as  much  as  five  feet 
above  the  floor  in  some  infant  rooms. 
The  part  of  the  floor  next  to  the  window 
wall  cannot  then  be  well  utilized,  as  the 
lighting  is  defective. 

"  Doubtless  the  colouring  of  the  walls, 
ceiling,  &c.,  has  an  effect  on  the  illumina- 
tion of  the  room,  but  this  could  not  be 
clearly  traced,  owing  to  the  largeness  of 
the  other  factors. 

"  Even  in  a  well-lit  room  the  disposition 
of  the  desks  so  that  the  children  sit  with 
their  backs  to  the  liglit  may  reduce  the 
illumination  on  the  books  to  much  below 
the  minimum  desirable  ;  when  measured, 
the  light  on  the  desk  in  the  shadow  of  the 
child's  head  was  found  to  be  from  one- 
third  to  one-ninth  of  what  it  was  clear  of 
the  shadow.  The  position  of  the  black- 
board is  also  of  importance. 

"  Some  plans  are  given  showing  the 
illumination  at  various  points  in  selected 
classrooms. 

"  Opportunity  was  also  taken  to 
measure  the  artificial  lighting  in  the 
buildings  used  for  Evening  Classes  at 
Sandbach  and  at  Nantwich,  the  results  of 
which  are  given  in  the  accompanving 
Table. 

"  The  pliotometer  used  gives  at  once 
■comparable  estimations  of  artificial  light- 
ing. The  illumination  at  the  Nantwich 
Technical  School  is  very  good  ;  at  the 
Sandbach  Technical  School  it  cannot 
be  called  good  in  any  of  the  rooms,  and  in 
the  Committee  Room  iised  for  the  teach- 
ing of  geometry  and  drawing  it  is  very 
bad.  Not  only  is  the  illumination  on 
the  desks  weak,  but  the  sources  of  it  are 
so  disposed  that  an  occupant  of  the  back 
desk,  on  looking  at  the  blackboard,  will 
have  at  least  six,  and  ])ossibly  eight, 
naked  gas-flames  in  his  field  of  vision, 
surrounding  and  actually  in  front  of  the 
blackboard.  Further,  tlie  large  con- 
sumption of  gas  overheats  the  room,  and 
that,  with  the  ])roducts  of  combustion, 
makes    the    atmosjihere    oppressive.      An 


improvement  in  the  lighting  of  this 
building  might  be  found  to  be  a  very  real 
economy." 

These  investigations  are  in  my  opinion 
exceedingly  valuable,  and  I  propose  to 
extend  them  to  a  number  of  other  schools, 
and  to  draw  the  attention  of  the  Managers 
to  cases  requiring  attention  on  their 
part.  Dr.  Cameron  Gibson  is  to  be 
greatly  commended  for  the  skill  and 
careful  attention  to  detail  exhibited  by 
him  in  conducting  the  investigations. 

Dr.  Jubb  (West  Cheshire)  writes  as 
follows  : — 

"  During  the  year  the  lighting  has  been 
improved  in  several  schools.  Some  infant 
schools  are  still  provided  with  galleries, 
and  these  are  objectionable  in  many 
respects — not  the  least  being  the  inter- 
ference with  proper  lighting. 

'"  School  windows  ought  to  be  cleaned 
oftener  than  they  are  at  present  ;  once 
a  month  would  not  be  too  often. 

"  The  artificial  lighting  of  many  schools 
requires  attention.  A  few  schools  are 
still  unprovided  with  artificial  light. 
During  the  winter  there  are  many  dark 
days,  when  some  form  of  artificial  light 
is  rec(uired,  and  in  any  case  the  school 
cleaning,  which  is  carried  out  after  school 
hours,  cannot  be  satisfactory,  unless  a 
good  light  is  provided." 

It  is  interesting  to  notice  that  an  excep- 
tionally complete  series  of  lectures  on 
school  hvgiene  is  arranged  for  Assistant 
Medical  Officers.  This  includes  a  section 
on  lighting  and  warming,  where  attention 
is  called  to  the  effects  of  "  Sunshine  and 
diffuse  light.  Artificial  light — lamps,  gas. 
&c.  Bad  effects  of  insufficient  light  and 
of  flickering,  glare,  &c." 


"UNILATERAL"    VERSUS    "BI- 
LATERAL"  LIGHTING. 

In  The  Builder  there  is  a  note  on  school 
lighting  by  Mr.  G.  H.  Widdows,  architect 
to  the  Derbyshire  Education  Committee, 
who  describes  a  special  inethod  of  avoid- 
ing the  defects  of  "  bilateral  '"  arrange- 
ments— i.e.,  light  entering  from  windows 
on  both  sides  of  the  room.  It  is  stated 
that  this  was  suggested  partly  by  a 
recent  visit  of  the  sub-committee  of  the 
Illuminating  Engineering  Society,  now 
engaged  in  studying  the  natural  lighting 
of  schools. 
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THE   NATIONAL  GAS   CONGRESS  AND  EXHIBITION. 


To  BE  OFFICIALLY  OPENED  ON  THE  IST  OF  OCTOBER. 


In  our  last  number  we  gave  a  list  of  the 
chief  papers  to  be  presented  at  the 
National  Gas  Exhibition,  dealing  with 
lighting.  The  complete  programme  has 
now  come  to  hand.  We  find  that  there 
are  to  be  over  thirty  different  papers 
presented  at  these  conferences,  which 
are  allotted  to  the  following  subjects  : — 

1.  Oct.  Ath. — A  Conference  on  Food 
AND  Cookery  (President :  The  Most  Hon. 
the  Marquis  of  Lincolnshire). 

2.  Oct.  9th. — A  Conference  on  Smoke 
Abatement  (President :  His  Grace  the 
Duke  of  Argyll). 

•3.  Oct.  Uth. — A  Conference  of 
Educationalists  (President :  Sir  George 
\V.  Kekewich). 

4.  Oct.  Hth. — A  Conference  on 
Lighting  and  Heating  (President :  Sir 
Rickman  J.  Godlee). 

5.  Oct.  nth. — A  Conference  on  Some 
Aspects  of  Scientific  Illumination 
(President  :    Lord  Rayleigh). 

0.  Oct.  -lAth,  -loth. — A  Conference 
ON  THE  Economics  of  the  Home 
(President :  Viscount  Dunluce). 

7.  Oct.  2Sth. — A  Conference  of 
Employers  (President  :   Earl  Grey). 

8.  Oct.  29th. — A  Conference  of  Manu- 
facturers (President  :  The  Rt.  Hon. 
Lord  Weardale). 

At  these  Conferences  the  following 
papers  are  to  be  presented  dealing  with 
various  aspects  of  illumination  : — 

Oct.  Wth. — Some  Considerations  on 
the  Brightness  of  Lights,  by  Professor 
Silvanus  P.  Thompson. 

Oct.  nth. — The  Physiologic.a.l  and 
Mental  Disadvantages  of  Unsci- 
entific  Illumination,  by  Leon  Gaster. 

The  School  of  the  Future  :  its 
Lighting,  Heating  and  Ventilation, 
by  S.  Warwick.  F.R.I.B.A..  and  A.  Hall 
F.R.I.B.A. 

Oct.  lith. — The  Hygiene  of  Gas  for 
Lighting,  by  Dr.  S.  Rideal. 


Oct.  nth. — The  Aims  and  Objects 
OF  the  Illuminating  Engineering 
Society,  by  Leon  Gaster. 

The  Economy  of  Efficient  Lighting. 
by  Franklin  Thorp. 

Light  and  Sight,  by  Dr.  Meredith 
Young. 

Oct.  2ith,  25lh. — Fuel  and  Lighting 
IN  the  Working  Man's  Budget,  by 
Mrs.  Margaret  McKillop. 

Oct.  29th. — The  Lighting,  Heating 
AND  Ventilation  of  Factories  and 
Workshops,  by  Professor  Vivian  Lewes. 

The  Economic  Value  of  Adequate 
Illumination,  by  Leon  Gaster. 

The  Matching  of  Colours  by 
Artificial  Light,  by  T.  Thorne  Baker.. 

The  daily  Popular  Lectures  will  take 
place  every  weekday  at  8  p.m.,  and  the  dis- 
play of  lantern  slides,  photogiaphs,  dia- 
gTams  and  models  will  be  a  special  feature. 

We  are  also  given  to  understand  that 
the  exhibits  will  be  of  more  than  interest. 
The  method  of  grouping  together  all 
exhibits  of  one  kind  is  to  be  adopted. 
In  one  section  all  types  of  gas  instruments,, 
photometers,  &c.,  will  be  on  view, 
in  another  there  will  be  practical 
demonstrations  of  mantle  manufacture. 
There  will  also  be  a  number  of  rooms 
given  up  to  demonstrations  of  methods 
of  illumination.  Several  rooms  are  to  be 
fitted  up  with  desks  and  blackboards  to 
imitate  miniature  schoolrooms,  offices, 
&c.,  and  lighted  by  direct  and  semi- 
indirect  means  ;  and  it  is  proposed  to 
etjuip  a  series  of  booths  with  wallpapers 
of  different  colours  so  as  to  illustrate  the 
effect  of  reflection  in  an  average  room. 
In  the  street -lighting  section  all  the  latest 
methods,  including  "  staggered  lights," '^ 
and  central  suspension  will  be  on  view. 

We  understand  that  the  general 
lighting  of  the  exhibition  will  also  be 
interesting,  and  that  semi-indirect  methods- 
will  be  a  feature.  A  novel  form  of 
coloured  sign  lighted  by  concealed  lights 
has  also  been  arranged  over  the  entrance 
to  the  exhibition. 
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A   NOVEL   METHOD   OF   LIGHTING   EXHIBITION 

HALLS. 

Abstract  of  a  paper   by   Mr.  R.  F.  Pierce   appearing   in   the   Transactions 
OF  THE  American  Illuminating  Engineering  Society  for  June,  1913. 


In  the  lighting  of  exhibition  halls 
something  novel  and  striking  is  wanted, 
in  spite  of  the  fact  that  the  conditions 
often  necessitate  a  temporary,  more 
or  less  "  make-shift  "  installation.  For 
example,    it    may    not     be    convenient 


of  the  Transactions  of  the  American 
Illuminating  Engineering  Society.  He 
describes  the  lighting  of  a  hall  by 
ornamental  Corinthian  pedestals  equipped 
with  gas  mantles.  The  nature  of 
the  fitting  will  be  understood  from  Figs. 


Fin.   1. — Ocncral    vi<'w    of    semi-indirect 
fittin,<i  on  Coriiithiau  ornamental  pillar. 

to  use  hanging  fixtures  and  the  ceil- 
ing may  be  an  artificial  one  composed 
of  silk  or  canvas  hangings.  For  this 
reason  pedestal  lighting  has  advan- 
tages. This  methocl  is  advocated  by 
Mr.   R.   F.   Pierce  in    a   recent   number 


Fig.  2. — Showing    methocl    of   leading   gas 
into  the  diffusing  bowl  fitting. 

1  and  2.  The  gas  is  led  up  through 
the  pillar,  at  the  top  of  which  a 
cluster  of  L5  upright  incandescent 
gas  burners  is  mounted.  The  lights 
are  within  a  shell-like  bowl  of  decorative 
glass,    designed    to    .screen    the    mantles 
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from  the  eye  and  direct  a  considerable 
portion  of  the  light  upwards  on  the  white 
ceiling.     These  pedestals  were  placed  in 


Fig.  4  gives  an  idea  of  the  appearance 
of  the  complete  installation.  The  method 
is    said    to    have    been  quite  successful. 
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Fto.  3. — Plan  of  Hall  showing  position  of  pedestal  lights. 

the  manner  shown  in  Fig.  3,  ten  units  It  is  one  that  might  often  be  employed 
in  all  being  employed.  An  illumination  with  advantage  when  it  is  desired  to 
of  about  eight  lumens  per  sq.  ft.  (8  ft  - 
candles)  was  considered  desirable  for 
the  floor.  The  total  area  of  the  hall 
(about  5,900  sq.  ft.)  would  therefore 
require  a  flux  of  about  47,000  lumens. 
The  walls  in  this  auditorium  were  dark 
gi-een,  which,  with  this  fixture,  would 
mean  a  utilising  efficiency  of  only  40  per 
cent.  The  total  number  of  lumens 
to  be  generated  should  therefore  be 
120,000.  It  was  decided  to  employ  ten 
units  each  providing  about  12.000  lumens. 
The  lighting  is  of  the  semi-indirect 
character,  just  about  fifty  per  cent, 
of    the    light    being    directed    upwards. 

The  large  direct  component  is  considered  produce  a  novel  lighting  effect  without 
desirable  for  exhibition  lighting  in  order  interfering  with  the  walls  and  ceilings 
to    avoid    any    impression    of    flatness.      of  a  room. 


Fig.  4. — General  view  of    the   Hall  showin<. 
pedestal  lighting. 
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THE   ELECTRIC   LIGHTING   OF  A   COVERED   LAWN 

TENNIS    COURT. 


It  is  now  about  two  years  ago  since 
we  first  described  the  lightino;  of  the 
Governed  Lawn  Tennis  Courts  at  Dul- 
wich,  by  high-pressure  gas.*  At  that 
time  the  use  of  artificial  light  in  sport 
was  a  comparative  novelty  but  it  is  now 
becoming  quite  common,  and  several 
examples  have  been  mentioned  in  these 
columns  from  time  to  time. 

The  employment  of  artificial  light  is, 
of  course,  a  very  decided  advantage  in  a 
covered  lawn  tennis  court.  It  enables 
play  to  go  on  by  night  when  daylight  has 
failed  and  irrespective  of  the  climatic 
conditions.  In  the  short  winter  days 
when  fogs  are  frequent,  play  would 
naturally  be  much  restricted  if  one  had 
to  depend  solely  on  daylight.     It  is  this 


at  the  Rackets  Club  in  Parliament  Street, 
Liverpool.  The  club  is  a  wealthy  one, 
has  very  fine  premises,  where  quite  a 
number  of  different  games  are  played. 
There  are,  for  example,  five  squash 
raccjuets  courts,  one  racquet  court, 
and  one  fives  court.  Several  of  these 
courts  are  lighted  artificially,  but  the 
new  lawn  tennis  court  is  much  the 
most  interesting  installation.  The  nature 
of  the  building  will  be  understood  from 
Figs.  I  and  2.  The  floor  area  is  120  by 
56  feet,  which  allows  ample  space  for 
pla3'eis  to  run  back  outside  the  court. 
There  is  a  clear  headway  of  30  ft.  and  the 
large  skylight  overhead  enables  full 
advantage  to  be  taken  of  the  natural 
light  durin<>;  the  davtime.     The  area  of 


. 56^ J 

Fig.    1. — Side  elevation 
of  building. 

possibility  of  playing  during  the  winter 
which  is  the  most  important  advantage 
of  covered  courts,  and  in  the  lawn 
tennis  world  the  success  of  Continental 
experts  has  been  often  ascribed  to  the 
fact  that  they  practice  so  assiduously 
during  the  winter.  In  addition,  it  need 
scarcely  be  said  that  the  majority  of  busy 
people  can  only  rarely  obtain  time  for  a 
game  of  tennis  during  the  daytime, 
and  for  these  it  is  naturally  a  great  boon 
to  be  sure  of  some  play  after  business 
hours  are  over. 

The  installation  we  are  now  about  to 
describe  is  the  covered  law  tennis  couit 


fr 60  -- 

'  GLASS    ROOF    |      §' 

SLOPING  WALlX.  20' 

WHITEWASHED  INSIDE" 
GREEN  DADO  TlP' 


*  Ilium.    Eng.   Lond.  Vol.   III..  1911,  p.  273; 
6ce  also  Vol.  VI.,  March  1913,  p.  HI. 
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Fig.  2. — Front  elevation  of 
building. 

the  glass  and  the  height  of  the  building 
are  so  arranged  that  the  direct  rays  of  the 
sun  do  not  strike  the  surface  of  the 
court,  but  are  reflected  from  the  white 
walls.  The  players,  therefore,  utilise  only 
reflected  light  and  skyhght,  and  are  not 
troubled  by  any  glare  from  the  sun. 

The  floor  is  painted  with  a  dead  black 
pieparation,  the  lines  being  white.  This 
black  surface  is  considered  essential  in  a 
covered  lawn  tennis  court  lighted  by 
artificial  light  in  order  that  players  may 
see  the  balls  easily.  It  is  desirable  to  get 
a  good  contrast  between  the  balls  and 
their  background,  and  the  dead  surface 
prevents  inconvenient  reflections  of  the 
sources  of  light.  A  dark  floor  is  also 
desirable  in  order  to  avoid  the  multiple 
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shadows  of  moving  balls.  If  the  court 
were  made  of  light  tinted  material  such 
shadows  would  be  distinctly  visible  and 
of  course  trying  to  the  players  when 
following  the  course  of  the  ball.  In  cases 
where  indirect  lighting  can  be  employed 
this  effect  would  doubtless  be  less  evident  : 
but  nevertheless,  for  the  other  reasons 
stated,  a  dead  black  surface  would  still  be 
desirable.  It  will  be  recalled  that 
in  the  courts  at  Dulwich  the  background 
as  well  as  the  floor,  are  all  dead  black. 
In  this  case  a  somewhat  different 
method  has  been  employed.  The  dado 
round  the  courts  is  of  a  light  green 
colour  (which  the  players  preferred  as 
being  more  nat\u-al  and  soothing  to  the 
eyes),  and  the  sloping  roof  on  either  side 
of  the  skylight  is  whitewashed.  This 
change  is  considered  an  advantage  from 
the  lighting  standpoint,  since  it  enables 
a  certain  amount  of  reflection  to  be 
obtained,  giving  better  diffusion  and  less 
pronounced  shadows. 

The  floor  is  lighted  artificially  by  a 
series  of  eight  1,000-c.p.  tungsten 
lamps  spaced  four  on  either  side  of  the 
court  in  the  manner  shown  in  Figs.  3 
and  5,  and  hung  at  a  height  of  28  feet. 
These  lamps  are  concealed  from  the  eye 
by  specially  shaped  reflectors  (see  Fig.  3). 
Thev  are "  made  of  steel  lined  with 
Chappuis  silvered  glass  and  have  a  wire 


Fig.  3. — Diagram  showing  shape 
of  reflector.  The  wire  gauze 
protection  is  shown  dotted. 

gauze  in  front.  In  addition  there  are 
blinkers  at  each  side  so  that  it  is  im- 
possible for  a  player  in  any  ordinary 
position  to  catch  a  glimpse  of  the  fila- 
ments. 

As  will  be  seen  from  Fig.  5,  there  are 
also  two  20(}-c.p.  lamps  in  conical 
reflectors  placed  above  the  surface  lines 
at  each  end  of  the  court  in  order  to 
accentuate  the  illumination  at  these 
points.  There,  is  thus  a  total  c.p.  of 
8,800  employed. 


The  total  electrical  energy  consumed 
may  be  estimated  to  be  approximately 
10,000  watts,  i.e.,  10  units  per  hour. 
Current  is  obtainable  for  the  court  at 
2|d.  per  unit,  so  that  the  cost  of  the 
artificial  light  for  one  hour's  play  on  this 
court  would  be  approximately  2s.  6d. 
The  consumption  works  out  to  about  TS 
watts  per  sq.  ft.  of  floor.  We  hope  shortly 
to  be  able  to  give  the  results  of  som.e 
measurements  of  the  illumination  in  these 
courts. 

The  advantage  of  this  system  of 
illumination  by  concealed  sidelights  is 
evident  from  the  figure.  The  player, 
gazing  dow'A  the  length  of  the  court,  has 
a  clear  view  of  the  ball  and  his  opponents 
without  being  troubled  by  any  incon- 
venient lights,  and  the  sources  are 
completely  screened  from  his  view.  Even 
the  eves  of  a  person  standing  near  the  net 
need  not  encounter  these  sources  unless 
he  turns  sideways  and  gazes  up\vards — 
a  position  probably  very  rarely  assumed 
by  a  lawn  tennis  player.  It  is  interesting 
to  recall  that  in  the  Dulwich  courts  lamps 
were  originally  suspended  at  intervals 
immediately  above  the  court,  but  this 
arrangement  has  been  replaced  by  a 
system  of  side  lights  which  is  considered 
a  distinct  improvement. 

Figs.  4  and  5  are  interesting  as  showing 
the  comparative  conditions  by  day  and 
artificial  light.  An  interesting  question 
that  naturally  arises  in  a  court  of  this  kind 
is  whether  players  find  any  difficulty  in 
accustoming  themselves  to  the  change 
from  natural  to  electric  light.  It  might 
be  supposed  that  when  twilight  came  on  a 
certain  interval  of  time  might  be  necessary 
for  the  eyes  to  become  used  to  the  new 
conditions.  It  is  stated,  however,  that 
this  has  not  been  very  noticeable.  In 
fact  in  one  case  the  artificial  lights  were 
turned  on  one  at  a  time  as  the  daylight 
began  to  fail,  but  the  players  -went  on 
with  the  game  without  being  conscious 
of  the  change. 

For  the  particulars  of  this  interesting 
installation  we  are  indebted  to  the 
courtesv  of  the  consulting  engineer, 
Mr.  H.'  M.  Rootham,  B.Sc,  A.M.I.C.E.. 
who  was  also  responsible  for  the  design  of 
the  Covered  Lawn  Tennis  Courts  at 
Dulwich. 
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Fig.   4. — A  daj^light  view  of  the  court  illuminated  from  the  skylight  above. 
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Fig.  5. — View  taken  entirely  by  artitieial  liffht.  showiiitr  .side-litrhtinj^  by  tiiiig.^teii  lamps 

ill   special   reflector^. 


The  Covered  Lawn  Tennis  Court  at  Liverpool  (Parliament  Street). 
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THE    IMITATION    OF    DAYLIGHT. 

(Abstract  of  a  portion  of  a  paper  published  by  Dr.  H.  E.  Ives  in  the  Trans- 
actions OF  THE  American  Illuminating  Engineering  Society,  June.  1913.) 


We   are   familiar   with   appliances  using 
specially  tinted  glass  to  give  a  quality  of 


light     closely 
colour.     But 


resembling 
it    must    be 


daylight     m 
remembered 


N. 


Fig.   1. — A   side  wall  unit    approximating 
to  window  conditions. 

that  the  mere  imitation  of  the  colour 
does  not  constitute  an  exact  repro- 
duction of  daylight.  Complete  similarity 
would     involve     an     imitation     of     the 


conditions  as  regards  distribution  of 
light.  It  may  be  noted  that  daylight 
in  general  is  received  from  side  windows 
in  a  room  and  not  from  overhead.  It  is, 
therefore,  hardly  possible  to  get  a  true 
daylight  effect  by  illuminating  the 
ceiling.  It  would  be  necessary  to 
analyse  very  carefully  the  distribution 
of  light  in  the  room  during  the  daytime 
and  arrange  the  nature  and  position 
of  artificial  sources  to  give  the  same 
impression.  It  may  also  be  noted  that 
it  is  not  enough  merely  to  get  the  ratio 
of  illumination  in  different  parts  of  the 
room  the  same.  It  appears  that  in  order 
to  get  exactly  the  same  effect  the 
absolute  values  of  the  illumination 
should  be  identical.  Otherwise  the 
impression  received  by  the  eye  does  not 
seem  natural. 

Some  ingenious  experiments  in  this 
direction  are  described  by  Dr.  H.  E. 
Ives  in  the  Transactions  of  the  American 
Illuminating  Engineering  Society  for 
June.  The  standard  fixture  shown  in 
Fig.  1  is  one  means  of  getting  fairly  close 
to     daylight     conditions.       It     will      be 


Fig.  2. — Siction  of  reflector  illuminated  by 
concealed  lights  and  designed  co  imitate 
the  light  from  a  window. 

observed  that  the  screen  in  front  of  thi.s 
light  blocks  out  the  direct  rays  and 
so  that  the  eye  cannot  see  the  source, 
but  allows  a  large  part  of  the  light  to 
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strike  the  wall  behind  and  to  pass 
upwards  to  the  ceiling.  In  order  to  get 
the  best  effect  care  must  be  taken  not 
to  get  the  wall  too  bright.  By  a  little 
ingenuity  it  is  possible  to  keep  the 
brightness  within  such  limits  that  the 
face  of  a  person  can  be  easily  distinguished 
with  the  wall  as  a  background  and  the 
"  silhouetting  effect  "  is  avoided.  Quite 
apart  from  the  attempt  to  imitate  day- 
light, a  standard  of  this  kind  would 
doubtless  be  a  useful  appliance  in  many 
rooms  with  fairly  light  walls. 

One  of  the  most  interesting  devices 
described  by  Dr.  Ives  is  the  artificial 
window  shown  in  Fig.  2.  This  consists 
of  a  specially  shaped  reflector  illuminated 


(2)  soft  shadows  and  low  intensity  of 
specular  reflection,  due  to  the  large  size 
of  the  source  ;  (3)  the  direction  of  a  large 
part  of  the  light  on  the  lower  and  darker 
parts  of  the  room  ;  and  (4)  concealment 
of  the  principa  1  light  sources.  In  addition, 
we  may  add  (5)  the  quantity  of  light 
needed  to  imitate  daylight  successfully 
will  be  exceptionally  large.  It  may  be 
noted  that  the  effect  produced  will 
depend  to  some  extent  on  what  kind  of 
daylight  one  selects  ;  for  example,  the 
effect  on  a  foggy  day  is  very  different 
from  that  when  bright  sunshine  prevails. 
When  the  sun  is  shining  through  a 
light  mist  an  intermediate  condition  of 
affairs  is  met  with.      In  shcrt,  in  natural 
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Fig.  '•',. — A  room  lighted    by  the  fitting  shown  in  Fig.  2. 


by  a  concealed  source.  It  is  so  shaped 
that,  when  illuminated,  the  reflected 
rays  produce  an  impression  very  similar 
to  that  of  the  window,  the  comparative 
brightness  in  different  parts  of  the 
room  being  almost  the  same  as  by  day- 
light. The  material  for  the  reflector 
must  be  selected  with  some  care  in  order 
to  give  exactly  the  right  distribution 
of  light.  A  ribbed  mirror  glass,  sand- 
blasted on  the  front  and  then  slightly 
rubbed  with  oil  was  found  to  give  the 
best  results.  The  arrangement  of  the 
reflector  in  the  room  is  shown  in  Fig.  3. 
Dr.  H.  E.  Ives  summarises  the  chief 
requirements  of  daylight  imitation  as 
follows:-    (1)    Direction    from    the    side; 


lighting  we  meet  conditions  analogous 
to  direct,  indirect,  and  semi-indirect 
lighting. 

Daylight  illumination,  although  superior 
to  artificial  light  in  many  respects,  is 
not  always  ideal.  The  variation  in 
illumination  in  different  parts  of  one 
and  the  same  room  illuminated  by  day- 
light may  be  very  great,  and  the  changes 
according  to  the  period  of  year,  time  of 
day,  and  climatic  conditions  must  also  be 
borne  in  mind.  Our  object  should  be 
to  imitate  the  desirable  qualities,  but 
not  to  perpetuate  the  defects.  There  is 
a  great  deal  to  be  learned  by  studying 
the  differences  and  resemblances  between 
natural  and  artificial  liirht. 
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AN   ORIENTAL  RESTAURANT   IN   NEW  YORK. 


The  picture  shows  the  method  of  lighting 
adopted  by  the  Edison  Company  in  a 
new  ;  restaurant  in  New  York,  where 
Chinese  and  Japanese  dishes  are  a 
speciality.  The  style  of  decoration  and 
lighting  are  also  carried  out  on  Oriental 


people  seated  behind  the  tables.  The 
illustration  gives  a  good  idea  of  the  way 
this  is  carried  out. 

It  will  be  observed  that  the  Chinese 
dragon  is  frequently  in  evidence.  The 
restaurant  is  equipped  with  an  illuminated 


lines,  strong  masses  of  colour  being  used 
and  lanterns  hung  from  the  ceiling.  The 
illumination  is  provided  by  10-watt 
tungsten  lamps,  1.200  globes  of  vi^rious 
colours  being  used  for  the  interior  lighting. 
These  lamps  are  artfully  concealed  in  the 
paper  lanterns  and  behind  paper  panels 
so  that  not  a   single   lamp   is   visible   to 


f'hotoaraphie  Bureav  of  The  New  York  Editon  C" 

name  sign  carrying  out  the  same  inten- 
tion. Over  the  entrance  there  are  great 
Chinese  lanterns  in  which  are  concealed 
three  arc  lamps,  giving  a  decidedlv 
gorgeous  effect.  Some  account  of  tho 
lighting  of  this  restaurant  was  given  in  a 
recent  number  of  the  Edison  Monthly,  to 
which  we  are  indebted  for  the  illustration. 


DOVER  MISHAP. 

Searchlight  said  to  have  caused  a  Collision. 


A  Dover  telegram  states  that  the 
steamer  Lord  Londonderry,  from  Goole, 
loaded  with  coals  for  Dover,  ran  into  the 
«nd  of  the  eastern  arm,  Dover,  this 
morning,  smashing  the  vessel's  bows 
badly. 

The  ports  on  the  eastern  arm  of  the 
Admiraltv   Pier   have   been   manned   the 


last  two  nights  with  a  searchlight 
operating  on  both  entrances,  and  it  is 
thought  that  this  was  the  cause  of  the 
accident,  owing  to  the  men  on  the  bridge 
being  blinded. 

A  Deal  galley  put  into  Dover  during  the 
night,  and  the  crew  said  that  the  glare  of 
the  light  blinded  them. — Ereninrj  Standard 
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SHORT  NOTES  ON 
ILLUMINATING  ENGINEERING. 


MODERN  CIRCUS  LIGHTING. 

The  lighting  of  a  travelling  circus 
offers  quite  a  field  for  the  illuminating 
•engineer.  At  one  time  open  flame 
torches  and  naphtha  lamps  were  uniformly 
employed,  but  recently  incandescent 
oil  and  paraffin  lamps  have  become 
much  more  common.  It  may  be  news 
to  many  that  there  are  said  to  be  as 
many  as  one  hundred  travelling  showmen 
in  England,  som"^  of  whom  demand  a 
■considerable  amount  of  light. 

Some  of  the  well-to-do  travelling 
circuses  provide  quite  elaborate  portable 
electric  lighting  systems.  We  notice 
from  a  recent  number  of  the  Electrical 
World  that  both  the  Barnum  and 
Bayley  and  Ringling  Bros,  circuses  have 
used  portable  plant  for  lighting  the 
tents  by  electricity.  The  electricity  is 
generated  by  a  portable  electric  gasoline 
driven  set,  the  units  being  duplicated  so 
that  in  the  event  of  one  becoming 
disabled  while  en  route  the  other  can 
take  its  place.  There  are  also  25  ampere 
"  spot  lamps  "  for  the  stage  and  festoons 
of  lamps  for  decorative  purposes,  and  a 
waggon  equipped  with  a  travelling 
searchlight  which  can  be  directed  on 
any  part  of  the  ground  while  taking  the 
tents  down  and  loading  in  the  night 
time  after  the  final  performance. 


LIGHTING  IN  THE  SALVATION  ARMY 
LODGING  HOUSE  IN  NEW  YORK. 

One  of  the  most  interesting  districts 
in  New  York  is  the  Bowery,  which  has  a 
unique  reputation  for  rowdyism  and  is 
peopled  by  a  very  curious  set  of  characters. 
In  this  district  the  Salvation  Army  is 
stated  to  be  doing  good  work  and  has  es- 
tablished the  cheap  lodging  house  where 
waifs  and  strays  can  spend  the  night. 

In  a  recent  number  of  the  Edison 
Monthly  attention  is  drawn  to  a  cheap 
and  ingenious  method  of  lighting  used 
in  this  cheap  hotel.  Long  corridors 
pass  between  each  set  of  bedrooms, 
and  the  partitions  of  the  rooms  only 
reach  to  a  point  2  ft.  below  the  ceiling. 
In  the  corridor  electric  lights  are  arranged 
at  frequent  intervals.  Lamps  are  placed 
just  a  little  distance  below  the  partition, 
rendering  the  light  source  invisible  to  the 
occupant  of  the  bedroom  but  directing  a 
certain  amount  of  light  on  the  ceiling.'^;. 
Thus  it  happens  that  this  cheap  lodging 
house  possess  \s  an  indirect  lighting  system 
of  a  kind.  The  light  is  liardly  strong 
enough  for  night  study  and  it  is  doubtless 
not  desired  that  the  inmates  should  read 
in  bed,  a  well-lighted  general  reading 
room  being  provided.  The  illumination 
is,  however,  sufficiently  good  to  light  the 
guest  to  his  sluml)ers. 


514 


THE  ILLUMINATING  ENGINEER 


ILLUMINATING  ENGINEERING  IN  THE  KITCHEN. 


The  illustration  below  shows  how  the 
domestic  servant  is  prepared  to  deal  with 
modern  illuminants.  Not  infrequently 
one  finds  in  the  kitchen  an  objection  to 
electric  light  and  a  preference  for 
oil  lamps.  The  probable  explanation 
is  that  the  metallic  filament  lamps  are  so 
often  ecjuipped  with  the  ordinary  shallow 
opal  shade  which  so  frecjuently  fails  to 
screen  the  eves  from  the  brisht  filament. 


In  this  case,  by  a  simple  piece  of 
illuminating  engineering,  the  opal  reflector 
has  been  transformed  into  quite  an  effec- 
tive device.  The  servant,  on  her  own 
initiative,  superimposed  over  the  opal  a 
green  cotton  shade  with  a  white  lining. 
In  this  way  the  filament  is  completely 
covered  and  causes  no  annoyance,  and 
the  illumination  on  the  kitchen  table 
considerablv  increased. 
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A  simple  device  in  tlie  kitchen.  The  servant  of  her  own  accord  added  a  cotton 
shade  to  tne  shallow  opal  reflector,  thus  screening  the  ligh.  from  the  eyes  and 
increasing  the  illuminalicn  en  the  table  below. 


THE  LIGHTING  OF  BAKERS'  OVENS. 


In  a  recent  number  of  Electrical 
Investments,  the  interesting  problem  of 
the  best  means  of  illuminating  bakers' 
ovens  is  discussed.  It  is  often  convenient 
to  be  able  to  see  the  contents  of  these 
ovens  while  the  heating  is  in  progress, 
but  experience  apparently  shows  that 
even  carbon  filament  lamps  have  a  very 
short  life  when  placed  inside.       Possibly 


the  explanation  may  lie  in  the  high 
externa]  temperature  maintained.  In 
any  case  it  would  seem  preferable  to 
illimiinate  the  ovens  from  without,  and 
some  form  of  lighting  is  needed  which 
can  penetrate  into  the  recesses  of  the 
oven  and  reveal  its  interior.  Possibly 
indirect  lighting  would  be  advantageous 
for  work  of  this  kind. 
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TRADE    TOPICS. 


[At  tVie  request  of  many  of  our  readers  we  have  extenrtefi  tlie  space  devoted  to  Trade 
Notes,  and  are  open  to  receive  for  publication  ))articulars  of  new  developments  in  lamps, 
fixtures,  and  all  kinds  of  apparatus  connected  with  illumination. 

The  cintents  of  these  paares,  in  which  is  included  information  supplied  by  the  makers, 
will,  it  is  hoped,  serve  as  a  jruide  to  recent  commercial  developments,  and  we  welcome  the 
receipt  of  all  bona  fide  information  relating-  thereto.] 


^mm^=:'B=^^^m^^  iM) 


The  lighting  season  is  now  upon  us 
and  is  heralded  by  quite  a  number  of  new 
types   of  shades   and  reflectors. 

We  observe  that  in  stating  the  advan- 
tages of  these  new  units  the  manufac- 
turers lay  stress  on  the  demand  for 
improved  types  that  has  been  developed 
by  the  illuminating  engineering  move- 
ment. It  is  now  recognised  that  a 
good  shade  should  adequately  screen  the 
source  and  distribute  the  light  "  just 
where  it  is  wanted." 


SUPERLUX  GLOBES  AND  REFLECTORS. 

The  General  Electric  Co.  (67,  Queen 
Victoria  Street,  London.  E.G.)  send  \is 
their  latest  catalogue  describing  the  new 
''  Superlux  "  line  of  globes,  bowls  and 
reflectors,  introduced  for  the  first  time 
last  month.  These  are  made  in  four 
classes,  comprising  white  glassware,  aind 
reflectors  made  respectively  of  enamelled 
steel,  alinniniiun  and  mirrored  glass. 

The  reflectors  are  made  in  the  distribut- 
ing and  concentrating  types  and  polar 
curves  of  each  variety  are  supplied. 
Chief  interest  attaches  to  the  white 
glassware.  This  is  made  of  a  very  light 
variety  of  glass,  matt  on  the  inside  and 
slightly  polished  on  the  outside,  so  as  not 
to  collect  dust.  The  glass  is  claimed  to 
have  very  good  qualities  as  regards 
absorjjtion  and  diffusion.  It  is  thin 
enough  to  enable  one  to  read  the  type 
on  a  sheet  of  notepaper  placed  behind 
one  of  these  globes,  but  nevertheless  the 
filament  of  a  lamp  inside  is  not  visible  and 
the  surface  is  evenly  illuminated. 

It  is  expecied  that  white  glassware 
of  this  kind  will  replace  to  a  great  extent 
the  shallow  opal  types  of  reflectors  still 
so  widely  used,  which,  it  is  recognised, 
are  open  to  considerable  objection  from 
the   illuminating  engineering  standpoint. 


DifEiisiiig  Howl. 
Superlux  >vhite  glass^vare. 

These  various  type's  of  reflectors  have 
been  installed  throughovit  the  offices  of 
the  comjiaTiy.  so  that  visitors  have  ai\ 
opportunity  of  judging  their  effect  in 
pra-.'tice. 
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"  MARBELLA  "    GLASSWARE. 

Anotlier  new  variety  of  white  glass 
shade  is  the  "  ]\Iarbella."  announced  by 
Messrs.  Siemens  Bros.  Dynamo  Works, 
Ltd.,  Tyssen  Street.  Dalston,  N.  These, 
too,  are  claimed  to  be  so  designed  as 
to  give  a  soft  white  light  and  to  eliminate 


glare.  The  use  of  rough  surfaces  and 
angular  projections  has  been  avoided :  the 
shades  should  therefore  be  easy  to  clean 
and  do  i"iot  readily  collect  dust.  They 
are  made  in  the  concentrating  and  dis- 
tributing types  as  shown  in  the  aocom- 
panying  illustrations. 


CoDcentratiiif 


Diffusing 


MARBELLA"   EEFLECTORS. 


NEW  VELURIA  GLASSWARE. 

The     British     Thomson-Houston     Co. 

{Ma,zda    House,    Upper    Thames    Street, 


B.T.  H.  Velnria  Reflector,  New 
Decorative  Style. 

E.C.)      are      introducing     several      new 
varieties    of    Veluria    glassware.     These 


reflectors  are  made  of  white  translucent 
glass,  and  the  two  new  types  have  a 
distinctly  novel  appearance.  One  of 
them  resembles  the  standard  "  intensive  " 
type,  but  is  eqviipped  with  an  etched 
floral  design,  and  the  other  patterns  are 
also  decorative  in  design  and  are  intended 
for  domestic   use. 

We  have  also  recsivea  particulars  of 
B.T.H.  Automobile  switches  and  Rotary 
Snap  switches,  which  are  made  in  quite- 
a  varietv  of  forms. 


SHOOTING    CONTEST. 

On  Saturday  afternoon,  the  6th  inst., 
Siemens  Dalston  Works  Miniature  Rifle 
Club  met  the  Western  Electric  Com- 
pany's Rifle  Club  on  their  Open-air 
Range  at  Plumstead,  the  result  being  a 
win  for  the  Siemens  team.  The  average 
score  of  Siemens  team  was  89" 5,  the 
total  score  being  537  out  of  a  possible 
600. 
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AN  INTERESTING  CHURCH  LIGHTING  INSTALLATION. 


The  illustration  shows  an  interesting 
Holophane  installation  in  St.  Andrew's 
Church,  Derby,  where  Holophane  refiec- 
tor-bowls  are  employed.  We  understand 
that  these  comparatively  big  units  are 
considered  very  useful  for  lighting 
spacious  interiors.     It  is  pointed  out  that 


the  prisnas  spread  out  and  diffuse  the  light, 
preventing  anything  in  the  nature  of 
glare,  and  the  niild  sparkling  effect  removes 
any  impression  of  '"  flatness  "  and  adds 
just  the  necessary  touch  of  "  life  "  to  the 
installation  ;  this  effect  is  very  noticeable 
in  the  new  senai-indirect  units. 


A  view  of  St.  Andrew's  Chnrcb,    Derby,  lighted  bv  tungsten  lamps  in  Holophane 

reflector  bowls. 


PERSONAL. 

We  note  that  Mr.  E.  P.  Barfield,  who 
for  several  years  acted  as  manager  of  th(> 
incandescent  lamp  and  fittings  depart- 
naent  of  Messrs.  Siemens  Bros.  Dynamo 
Works,  Ltd.,  has  accepted  the  position  of 
commercial  sales  manager  for  the  Ediswan 
Conapany,  and  will  take  up  the  position 
early  this  montli. 


THE  CHANGING  EAST. 

It  would  seem  that  the  new  ilhiminants 
are  steadily  and  surely  making  their  way 
into  eastern  countries.  The  Victoria 
Cotton  Mills,  one  of  tlie  largest  in  the 
Cawnpore  district,  is  now  illuminated 
throughout  with  Osram  drawn-win- 
lamps,  which  have  succe'ssfully  withstood 
the  severe  vibration  from  the  looms  and 
other  moving  machinery. 


We  are  also  informed  tliat  Mr.  S.  Boys, 
who  for  the  past  two  and  a  half  years  has 
held  the  position  of  Suj)plies  Manager 
to  the  Sheffield  Branch  of  Messrs.  Siemens 
Bros.  Dynamo  AV^orks,  Limited,  is  resign- 
ing this  position  to  take  up  an  appoint- 
ment with  the  Edison  and  Swan  United 
Electric  Light  Co. 


GENERAL  AGENT.  Wanted  sole  agent 
for  the  sale  of  "Mercury"  Switch 
apparatus  to  make  and  break  contact  of 
high  tension  by  low  tension  and  bell- 
wires.  Patent  in  LT.K.  2520.  Apply  to 
Osborne-Peacock  Cc,  Ltd.,  24,  Holborn, 
London,  E.C\ 
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HORTICULTURE    BY    THE    LIGHT    OF 
THE     MERCURY    VAPOUR    LAMP. 

We  liave  received  from  the  Westing- 
"house  Cooper  Hewitt  Co.,  Ltd.  (80.  York 
Road.  King's  Cross.  London.  X.).  a  copy 
cf  a  report  received  from  Miss  Dudgeon, 
of  Linchiden  House,  Dumfries,  describing 
the  acceleration  of  piant  h'fe  under  the 
rays  of  the  merciu'y  vapour  lamp. 

The  experiments  were  niade  in  two 
identical  liouses.  On?  of  these  was 
lighted  hy  a  mercury  arc  vapour  lamp, 
-which  was  turned  en  about  an  hour 
before  sunset  each  evening  and  kept  on 
for  about  4h  hoiu-s. 

Some  remarliable  results  appear  to 
have  been  obtained.  Seeds  of  French 
beans,  carrots,  maize,  lettuce,  &c., 
germinated  several  days,  and  in  some 
cases  several  weeks  earlier  than  when 
grown  under  similar  conditions  in  the 
ordinary  house.  (The  temperature  in  the 
two  houses  where  the  experiments  were 
conducted  was  practically  identical,  so  it 
Avould  appear  that  the  light -radiation 
produces  the  effect,  notwithstanding  the 
iaet  that  the  seeds  ar^  presiunably  lightly 
buried  in  earth.) 

The  effect  of  the  light  on  growing 
plants  appears  to  have  been  still  naore 
marked.  Geraniums,  roses,  carnations, 
&c.,  all  responded  to  the  treatment  by 
marked  increase  in  foliage  and  flowers  of 
good  size  and  colour,  and  one  rose 
("Belle  Lyonaise  ')  which  had  flowered 
all  the  previous  svimmer  and  autumn, 
and  was  pruned  bare  in  Xovembf  r,  again 
showed  leaf  in  two  weeks,  in  six  weeks 
it  showed  buds  and  has  continued  to 
bloom  ever  since.  Equally  good  results 
were  obtained  with  strawberries  which 
flowered  abundantly  and  gpvo  an  increase 
in  crop  of  25  per  cent. 

It  is  clauned  that  this  method  of 
assisting  growth  will  be  very  profitable 
to  the  market  gardener,  since  there  would 
be  a  great  saving  in  heat,  and  the  seedlings 
would  require  practically  no  hardening  off 
before  bi-ing  planted  in  the  open. 


*'  LEKTRIK  "  LIGHTING  CONNECTIONS. 

The  little  booklet  (price  6d.  net)  bearmg 
this  title  is  written  by  Mr.  W.  Perren 
IVlaycock.  and  is  issued  by  A.  P.  Lundberg 
and  Sons  (477-489.  Liverpool  Road, 
London,  X.).  It  is  of  a  size  to  go  into  the 
waistcoat  pocket,  and  is  intended  as  an 
aid  to  wiremen  and  electrical  contractors. 

All  the  well-known  Liuidberg  specialities 
are  described,  and  there  are  clear  diagrams 
illustrating  the  various  methods  of  eon- 
trolling  lamps  independently  front  a 
number   of   different    points. 


The  series  of  notes  on  illumination  and 
switching  deserve  study.  We  will  quote 
one  that  will  be  read  with  sj-rapathy 
by  many  who  have  struggled  to  read 
meters  in  out-of-the-way  corners  : — 

■■  There  are  always  out-of-the-way 
recesses,  corners,  cupboards.  &c.,  where 
light  is  only  occasionally  or  seldom 
required  :  but  i:)rovision  should  neverthe- 
less be  made  for  lighting  these  places.  It 
should  never  be  necessary  to  use  candles, 
oil  lamps,  matches,  or  even  portable 
electric  lamps  anywhere." 

In  the  past  the  tendency  has  been  to 
use  only  single-way  switches,  and  as 
few  of  these  as  possible,  so  as  to  keep 
do^^^l  the  first  cost.  But,  by  so  doing, 
much  of  the  adaptability  of  electricity  is 
lost,  and  the  saving  at  the  beginning 
becomes  poor  economy  in  the  long  run. 


REDUCTION  IN  PRICE  OF  TUNGSTEN 
LAMPS. 

The  price  of  tungsten  lamps  is  coming 
down.     The  General  Electric  Co.  announce 
the  following  reductions   in   the  price   of 
Osram  lamps  : — 
100  to   135  volts. 

10  to  60  watts,  from  2s.  6d.  to  2s.  2d. 
200  to  260  volts 

30  to  60  watts,  from  3s.  to  2s.  8d. 
200  to  260  volts, 

20  watts,  from  3s.  3d.  to  2s.  lid. 

15  watts,  from  3s.  6d.  to  3s.  3d. 
100  to  260  volts. 

100  watts,  from  4s.  9d.  to  4s.  3d. 

200  watts,  from  9s.  to  8s.  6d. 

300  to  400  watts,  from  17s.  to  16s. 

Messrs.  Siemens  Bros,  are  likewise 
making  substantial  reductions  in  the 
])rices  of  Wotan  lamps,  and  some  types  of 
Tantnlum  lamps  will  also  be  cheaper  in 
future. 

It  is  hoped  that  this  diminution  in 
price,  by  cheapening  the  cost  of  light  and 
leading  to  a  more  generous  standard  of 
illumination,  will  be  of  benefit  to  the 
industrv. 


MAZDA    LAMPS    FOR    PHOTOGRAPHIC 
PURPOSES. 

\Ve  understand  from  the  British 
Thomson-Houston  Co.  (Mazda  House, 
77.  Upper  Thaines  Street,  London,  E.C.) 
that  the  Mazda  lamps  are  now  being 
used  for  photographic  work,  small  six- 
volt  concentrated  filament  lamps  being 
frequently  used  with  a  parabolic  reflector. 
These  lamps  are  operated  at  about  10 — 20 
per  cent,  over  their  normal  voltage,  pro- 
ducing a  very  white  light  and  giving  an 
illumination  which  enables  cjuite  a  short 
photographic  exposure   to   be   made. 
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KEITH  HIGH  PRESSURE  LAMPS. 


We  have  received  from  Messrs.  James 
Keith  &  Blackman,  Ltd.  (27,  Fan  inj-don 
Avenue,  London,  E.G.),  some  booklets 
describinji;  the  application  of  the  high 
pressure  lamps  of  this  firm  in  vaiious 
trades.  Illustrations  are  given  of  various 
large  premises,  including  a  general 
engineering   shop   and    motor-car    works. 


A  second  publication  describes  the  use 
of  the  system  in  the  drapery  and  clothing 
establishments.  It  is  interesting  to  note 
that  this  high  ])ressure  system  is 
recommended  for  drapery  establishments 
on  the  ground  that  the  spectrum  of 
the  light  is  well  adapted  for  colour 
matching  processes. 


520 


THE    ILLUMIXATIXG    EXGIXEEK 


MAZDA     LAMPS     FOR     MOTOR-CAR 
HEADLIGHTS. 

Th^  coming  of  the  motor-car  has 
entirely  altered  the  popular  conception 
of  vehicle  lighting.     The  greater  speed  of 


Mazda  Headlight  lainp  32  caudle  power 
12  volts,  with  helical  coil  filament. 

modern  traffic  demand^,  a  headlight 
which  will  strongly  ilhiminate  the  road 
in  front  for  several  hundred  vards. 


]\Iuch  ingenuity  has  been  expended  in 
the  design  of  electrical  headlights. 

The  chief  difficulty  here  is  in  finding 
a  filament  that  can  be  compressed  within 
very  small  dimensions  so  as  to  form 
what    is    optically    a    '"  point    of    fight." 


I 


ilazda  Headliiiht   latrq),  25  candle-power 
6  volts,  with  helical  coil  filament. 

The  two  illustrations  show  small  lamps 
of  this  kind  developed  by  the  British 
Thomson-Houston  Co.   Ltd. 


TO    THE    LIGHTING    INDUSTRY. 

'[We  invite  firms  interested  in  lighting  appliances  to  send  us  particulars 
of  new  apparatus,  lamps  and  fixtures,  and  especially  interesting  lighting 
installations  for  notice  in  our  Trade  Topics  columns. 

The  ''Illuminating  Engineer,"  being  published  on  the  first  of  each 
month,  cannot  devote  much  space  to  information  that  has  already  been 
widely  circulated  in  the  technical  press,  but  new  and  exclusive  information 
will  receive  special  attention.  Matter  for  inclusion  in  the  next  number 
should  reach  us  by  the  20th  of  the  month.— Ed,'\ 


EDUCATIONAL    NOTICES. 


THE   MANCHESTER  SCHOOL  OF 

TECHNOLOGY. 

The  joiu-nal  containing  the  record   of 

researches    conducted   by    the   stafi    and 

students  diu-ing  the  past  year  is  a  bulky 

volume   containing   close   on    300   pages. 

The   subjects    dealt    with    cover    a    wide 

range  of  topics,  including  cutting  tools, 

rail  corrugation,  colloidal  solutions,    &c. 

We  notice  two  papers  dealhig  with  light. 

Mr.  W.  Harrison  discusses  the  effect  of 

light    on    colouring    matters,    and    Prof. 

W.  W.  Haldane  Gee  contributes  a  paper 

on  the  physical  and  chemical  actions  of 

light.     An    important    question    touched 

on  V)y   the  former  is  the  effect  of  ultra- 

\iolet  rays  on  dyed  naaterials,  and  a  table 

is    given    comparing    simlight,    merciu'y 

Iaui]>s,  and  radiiun  emanations. 

\Vp  have  also  before  us  the  prospectus 
for  the  session  191.'}- 14.  A  considerable 
ntunber  of  highly  specialised  work  is 
evidently  carried  out,  and  we  are  rather 
surprised  that  more  attention  is  not 
given  to  ilhuninating  engineering. 


KING'S  COLLEGE,  LONDON. 

Prospectus  of  the  Faculty  of  Engineer- 
ing for  1913-1914.  Special  advanced 
lectures  and  courses  will  take  place  diu-uig 
the  present  month.  These  include  Electric 
Locomotives,  by  Mr.  F.  Lydall;  Control 
Gear  for  Motors  and  Electric  Circuits, 
by  'Sir.  C.  H.  Worduighana ;  and  Thermo- 
dynamics, by    Mr.    James    Swinbiu-ne. 

The  fee  for  each  coiu-se  of  lectures  will 
be  one  guinea. 

WESTMINSTER  TECHNICAL  INSTITUTE. 

Prospectus  for  1913-1914.  A  special 
feature  is  the  series  of  evening  classes  in 
civil  and  gas  engineering,  heating  and 
ventilation,  architecture  and  construction. 
&c.     Classes  started  on  Septenaber  22nd. 

BATTERSEA  POLYTECHNIC. 

Coiu"ses  of  Electrical  Engineering  (Prof. 
A.  W.  Ashton,  D.Sc,  M.I.E.E.),  com- 
mencing September  29th,  1913.  We  note 
that  the  course  includes  a  series  of 
lectures  on  Electric  Lighting  and  Tllumina- 
tion,  to  take  place  on  Fridays,  8.30—9.30. 
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REVIEW   OF   THE 
TECHNICAL    PRESS. 


ILLUMINATION  AND  PHOTOMETRY. 

Dr.  Louis  Bell  (Elec.  World,  August 
23rd)  has  a  word  to  say  about  Lon- 
don street  lighting.  The  chief  thing 
that  struclc  him  during  his  recent  visit 
was  the  extreme  variety  ;  but  many 
of  the  individual  examples  were  very 
good.  The  Elec.  World  has  also  been 
comparing  the  British  and  American 
investigations  on  the  street  lighting 
specification.  The  chief  points  under 
discussion  seem  to  be  :^ — 

(a)  whether     average      or      minimum 
illumination    should    be    measured  ; 

(b)  whether  vmifonnity  of  illumination 
is,    or   is   not,    highly    essential. 

A  contribution  by  L.  U.  James 
{Elec.  Rev.  and  Western  Electrician, 
September  6th)  contains  sonae  good 
])hotographs  of  indirect  and  semi-indirect 
lighting  installations.  One  of  the 
methods  shown — the  Tise  of  standard 
lamps  on  jsedestals,  which  direct  most  of 
the  light  tipward  but  also  serve  for  local 
lighting — is  distinctly  novel. 

Finally,  reference  may  be  made  to  a 
contribution  by  G.  H.  Stickney  and 
A.  L.  Powell  (Elec.  World,  Septeniber 
6th)  on  Reflectors.  Comjiarative  data 
are  given  for  a  variety  of  types,  and  the 
article  is  concluded  by  a  list,  in  order  of 
importance  of  the  chief  requirements, 
(a)  from  the  practical,  (b)  from  the 
decorative  standpoints.  It  is  striking 
to  notice  that  in  both  cases  the  authors 
place  avoidance  of  glare  first  and  cost 
last. 

ELECTRIC  LIGHTING. 

In  the  Electric  Lighting  section,  the 
■■  0*.5  watt  per  candle  "  lamp  is  still  the 
chief  subject  of  interest.  The  compara- 
tive nierits  of  tungsten  and  art;  lamps 
are  treated  on  in  a  long  article  by 
Schmidt  (Z.  /.  B.,  September  20th)  ; 
the  greater  part  of  this,  however,  is 
devoted  to  technical  details. 


Licht  und  Lampe  (September  11th)  has 
an  illustrated  article  on  the  Dussaud 
process  of  overrunning  small  c.p.  tungsten 
lamps  on  an  intennittent  current.  The 
writer  comes  to  the  conclusion  that  the 
most  hopeful  applications  of  the  process 
are  mainly  in  connection  with  special 
work — cuiematograph  projectioji,  light- 
house signs,    &c. 

According  to  an  article  bv  G.  Sunden 
(E.  T.  Z.,  August  28th)  the  enclosure  of 
an  incandescent  lamp  within  an  outer 
globe  raises  the  temperatiu-e  considerably 
and  shortens  the  life.  He  has,  therefore, 
contrived  a  form  of  holder  which  renders 
the  use  of  an  outer  globe  mmecessary. 

Arc  lamps  receive  attention  in  two  con- 
tributions by  Heyck  {E.  T.  Z..  Septem- 
ber 11th)  and  Hogner  (E.  T.  Z.,  August 
21st).  The  former  discusses  double  and 
multiple  electrode  flame  arcs,  which  he 
divides  into  three  classes  :  (a)  those  in 
which  two  pairs  of  carbons  are  in  use 
simultaneously,  or  rather  in  such  a  way 
that  from  time  to  time  the  arc  is  trans- 
ferred from  one  pair  of  electrodes  to 
another  pair  ;  (6)  those  providing  for  the 
autoniatic  replacement  of  one  pair  of 
carbons  as  soon  as  it  is  used  up  ;  and  (c) 
those  in  which  the  last  process  can  be 
continued  and  a  large  number  of  elec- 
trodes re]3laced  (magazine  lamps).  He 
describes  a  new  form  of  flan\e  arc  of  the 
double  carbon  variety  which  will  burn 
for  .'16  hoiu-s  without  attention,  and 
presents  some  curves  to  show  the  steadi- 
ness of  burning. 

P.  HoGNEB  describes  the  "  Dia " 
enclosed  flame  arc,  having  \-ertical 
carbons.  The  lamp  ajjpears  to  liave 
a  good  form  of  ])olar  curve  for  street 
lighting,  and  th(>  author  presents  a  series 
of  curves  and  tables  showing  the  effects 
of  spacing  these  lamps  in  various  ways. 
The  consumption  is  stated  to  be  about 
0-2— 0-24  watts  per  H.K.  with  a  clear 
globe 
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GAS   LIGHTING. 


The  chief  topic  of  iiaterest  in  the  gas 
journals  this  ni.onth  is  the  National  Gas 
Exhibition.  There  has  also  been  nnich 
discussion  on  the  Aisgill  train  disaster, 
and  it  is  contended  that  the  fact  of  gas 
lighting  being  used  in  the  carriages  had 
nothing  to  do  with  the  fire  following  the 
collision. 

Among  other  articles  in  the  English 
papers  we  notice  a  coiatribution  in  the 
Gas  World  (September  20th)  comparing 
the  results  froxi  high-pressure  and  low 
pressure  lighting  in  shops.  The  polar 
curves,  and  diagrams  of  horizontal  illumi- 
nation frona  two  tj'pical  high -pressure 
and  low-pressiu'e  lamps  are  presented, 
and  it  is  shown  that  substantially  the  same 
results  are  obtained  for  a  given  con- 
sumption of  gas.  It  appears  therefore 
that  where  only  a  moderate  intensity  is 


needed,  the  competition  between  high 
and  low  pressure  has  now  become  very 
keen. 

A  paper  by  A.  Docking,  read  before  the 
Irish  Gas  Association,  is  reproduced  in 
the  technical  press.  The  author  describes 
the  "  Selas  "'  system  of  gas  lir;;hting. 
This  utilises  a  mixtiu-e  of  l|-2  of  air 
with  1  of  gas  at  a  pressure  of  about 
10  ins.  It  is  claimed  that  about  50  c.p. 
per  cubic  ft.  can  be  obtained  in  this  way. 

Among  German  papers  we  note  that 
by  Hanyzer  {Journal  fiir  Gasbeleuchtung , 
September  20th),  on  the  distance  control 
in  indoor  lighting.  For  many  purposes — 
e.g.,  on  staircases,  for  controlling  high 
lamps  in  halls,  chvirches,  &c.,  and  in 
hotels,  distance  control  -would  be  very 
beneficial  and,  the  author  suggests,  would 
gain  consmners  who  would  otherwise  take 
up  electric  light. 
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Electric  Lighting. 
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Electric  Train  ^^ighting  and  the  Aisgill  Disaster  {Elec  Rev.,  September  19th). 

Gas,  Oil,  Acetylene  Lighting. 

Docking,  A.     "  Sclas  "  System  of  Gas  Lighting  (6'.    11'.,  August  16th  ;  J.  G.  L.,  August  19th). 

Editorial.     Doctors  and  Electric  Lighting — "  Selas  "  Gas  Lighting  (./.  G.  L.,  August  19th). 
Gas  and  the  Midland  Disaster  {J.  G.  L.,  September  9th). 
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Othmer,  E.     Gas  u.  Elektriclat  im  Lichte  der  Volkswirtschaft  {J.  f.  G.,  August  23rd). 

High  Pressure  v.  Low  Pressure  for  Shop  Lighting  (G.  \V.,  September  20th). 

Oil  Gas  and  its  Manufacture  {J.  G.  L.,  September  2nd). 

The  Improved  "  Ukay  "  Lamp  (J.  G.  L.,  September  2nd). 

A  New  Mannei-mann  Lamp  {J.  G.  L.,  September  2nd). 

The  "  Newborn  "  High  Power  Lamp  (J.  G.  L.,  September  2nd). 

Novelties  of  Ihe  New  Inverted  Gaslight  Co.  (.7.  G.  L.,  September  16th), 


CONTRACTIONS    USED. 


Elck.  u.  Maseh. — Elektrotechnik  und  Maschin- 

enbau. 
E.  T.  Z. — Elektrclechnische  Zeitschrift. 


J.   f.   G. — Journal  fiir  GasheJeuchtuvg. 

L.    u.    L. — Licht  und  Lawpe. 

Z.  f.  B. — Zeitschrift  fiir  Beleucktitngswesen. 


EFFICIENCY. 

The  wciiulciiul  reilcLt- 
iui;  surface  ol  "  Supeiiux  " 
Glassware  makes  it  the 
most  efficient  ;4lass  reflector 
extant.  It  is  a  new  .ind 
exclusive  discover>'. 

I.i-t  No.  ("i  1727  post  fret- 
on   request 


CLEANLINESS 


No  "jlass  reHector 
market  collects  so  Jittl 
This  is  due  to  its  bein.t;  per- 
fectly smooth  and  round  anc 
liavin.ij  no  ^rooxes  either  lai\m 
or  small  upon  its  surface. 


on   the     '\Z^  -^  suspension   ot   the   ul.i-- 

e  dii^t.     ^^■Illl" ■iiiiw^^        I  etlectors  is  hy  ordinarv  iiallerv, 


IN  EVERY  SINGLE 

ATTRIBUTE 
the    very     best. 

THE 

General  Electric  Co., 

LIMITED, 

67,  QUEEN    VICTORIA   ST., 
LONDON,  E.C. 


which  is  the  only  way  etticieiit 
\eiitilation  can  be  proxided  for. 
Enhanced  appearance  antl  facil- 
ity in  hxinj^  aie  amonjist  the 
man\  other  advantages  of  thi> 
method. 
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REVIEWS   OF   BOOKS. 


Light,    Badiatioyi    amJ    lUuminat'ton.     By 

Paul  Hogner.        Translated  by  Justus 

Eck.   1913.      {Electrician    Printing    and 

Publishing  Co.,   Salisbury   Court,  Fleet 

Street,  London,  88  pp.) 

Brx  a  few  months  ago  we  were  noticing 

a  translation  of  Dr.  Bloch's  well-known 

work    by    Prof.    W.    C.    Clinton.      Now 

another     member     of     the     Illuminating 

Engineering  Society,  Mr.  Justus  Eck.  has 

brought  Dr.  Hogner's  more  recent  work 

witliin  the  grasp  of  English  readers. 

The  book  is  devoted  mainly  to  illum- 
inating engineering  calculations.  In  the 
first  chapter  the  author  works  out  the 
illumination  from  soiu'ces  or  illuminated 
sm"faces  of  various  shapes  (planes,  rods, 
spheres,  &c.)  and  develops  the  con- 
ception of  luminous  flux,  and  shows  how 
mean  spherical  candle-power  is  graphically 
determined  from  the  polar  curve. 

We  turn  next  to  the  calculation  of 
illumination.  The  well-known  formula 
is  given  enabling  the  horizontal  illumina- 
tion froni  a  lamp  at  a  given  height  to  be 
worked  out,  and  it  is  shown  how  the 
joint  effect  of  ten  lamps  can  be  deter- 
mined. At  a  somewhat  later  stage  in  the 
book  the  mai^ping  out  of  illmnination 
on  large  liorizontal  areas  is  taken  up. 
The  author  ex]jlains  the  use  of  contour 
curves  and  describes  several  special 
methods  that  he  has  himself  devised  for 
determining  mean  illumination  values. 

A  section  of  special  interest  is  that 
dealing  with  ceiling  radiation,  where 
some  data  for  the  calculation  of  the 
effect  of  indirect  lighting  are  given. 
In  the  higher  branches  of  design — in 
dealing  with  very  original  methods  of 
lighting  especially — a  knowledge  of  such 
data  will  often  stand  the  illuminating 
engineer  in  good  stead. 

For  the  rest  it  only  remains  to  be 
said  that  the  book  is  provided  with  many 
useful  tables,  that  the  diagrams  are 
clear,  and  the  style  concise.  Within  the 
88  pages  of  the  book  is  packed  away 
)nucli  useful  information,  and  we  may 
congratulate  Mr.  Eck  on  placing  it  at  the 
disposal  of  English  readers. 


School  Hygiene.  By  Edward  R.  Shaw, 
Professor  of  the  Institute  of  Pedagogy, 
Xew  York  University,  1911.  (Mac- 
niillan  and  Co.,  London,  260  pages.) 

The  greater  part  of  this  little  book  is 
devoted  to  general  hygiene,  the  first 
chapter  on  the  schoolroom  being  perhaps 
the  most  interesting  to  lighting  engineers. 

The  natural  lighting  of  the  schoolroom 
receives  about  twenty  images.  The  author 
conaments  on  the  extraordinary  difficulty 
of  measuring  the  illumination — though, 
perhaps,  a  fuller  knowledge  of  the 
improvements  in  illumination  photo- 
meters during  the  last  few  years  might 
lead  him  to  modify  this  view. 

He  suggests  that  in  a  well-designed 
classroom  a  minimum  of  15  sq.  ft.  floor 
area  and  200  cubic  f*^.  of  air  space  per  pupil 
should  be  allowed.  Window  area  should 
be  one-quarter  to  one-sixth  of  the  floor 
space  and  high  windows  are  preferable. 
The  minimum  daylight  illumination  on  the 
most  unfavourably  situated  desk  should 
not  be  less  than  50  metre-candles  (about 
5  ft. -candles).  There  is  luianimity  that 
light  may  enter  from,  the  left,  but  opinion 
is  divided  as  to  whether  there  should 
be  windows  in  the  rear  of  the  room. 

The  remaining  chapters  of  the  book 
contain  useful  information  on  the  general 
design  of  buildings,  situation,  heating  and 
ventilation,  sanitation,  fui'niture,  &c. 
There  are  also  special  sections  on  hand- 
writing and  the  chief  diseases  of  interest 
to  the  school  officer.  A  few  words  are 
also  said  on  the  subject  of  artificial 
lighting.  We  think  that,  in  view  of  the 
work  recently  carried  out  on  this  subject, 
a  special  chapter  might  well  be  given  up 
to  it  in  a  subseciuent  edition. 

One  feature  of  this  book  deserves  com- 
mendation— the  use  of  mat  paper  and 
large  type  for  the  text,  illustrations 
being  printed  on  inserted  art  paper. 
Authorities  insist  upon  the  desirability 
of  such  conditions  in  books  for  school 
use,  and  it  is  quite  right  that  they 
should  be  observed  in  a  work  on  school 
hygiene. 
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OTHER  PUBLICATIONS  RECEIVED.* 

New  Books. 

Nouveau  Guide  Pratique  de  I'Usager  de 
V Acetylene  {Office  Central  de  I'Acetij- 
lene,  Paris,  1913.) 

Licht  und  Beleuchtung.  By  Dr.  E.  Ehrig. 
{Wm.   Engelmann,   Leipzig,    1913.) 

Die  Beleuchtung  von  E isenbahn- Personen- 
wagen.  By  Max  Biittner.  {Julius 
Springer,  Berlin.  1912.) 


Die  Verwendung  der  seltenen  Erden.  By 
Dr.  C.  R.  Bohni.  (Vcit  and  Comp., 
Leipzig,  1913.) 

Industrial  Illumination.  By  C.  E. 
Clewell.  (McGraw  Publishing  Co., 
U.S.A.  ;  Hill  and  Co.,  Bouverie  Street, 
London . ) 

Journals  and   Smai,ler  Pubtjcations. 

International  Congress  on  the  Prevention 
of  Accidents  and  on  Industrial  Hygiene. 
(Milan.      1912.) 

We   have  received   from   Sig.    Francesco 

Massarelli,   the  General   Secretary.   Vols. 

I.  and  II.,  containing  the  proceedings  at 

*  To  some  of  these  iiublications  we  hopo  lo 
refar  more  fully  .shortly. 


the  above  Congress.  The  vohuncs  are 
fully  illustrated,  and  contain  a  record  of 
much  useful  work. 


Official  Guide  and  Prograymne  to  the 
National  Gas  Congress  and  Exhibition. 
As  we  go  to  press  we  receive  the  official 
guide  to  the  above  Exhibition.  This 
contains  full  particulars  of  tlie  Conferences 
and  Po})ular  Lectures,  and  the  arrange- 
ment of  the  various  sections  is  \'ery 
neatly  and  clearly  explained.  The  whole 
get-up  is  an  excellent  testimony  to  the 
efforts  of  the  chairman  of  the  Editorial 
Committee.  Mrs.  M.  A.  Cloudesley 
Brereton. 

Souvenir  Programme  of  the  Seventh 
Annual  ^'onvention  of  the  Illuminating 
Engineering  Society  {U.S..-1.)  to  be  held 
at  Pittsburgh.  September  22nd — 2')//*. 
1913. 

"  Industricd  Lighting  "  {an  illustrated 
pamphlet  issued  by  the  British  Thomson - 
Housloyi  Co.),  and  "  Lighting  Xews,"  the 
second  number  of  the  small  booklet 
of  this  name  issued  by  this  firm. 


The  World  "for  September  ^Oth  contains 
a  special  Lighting  and  Heating  Supple- 
ment.  Reference  is  made  to  the  good 
rvork-  accomplished  by  the  Illuminating 
Engineering  Society  in  this  country, 
and  portraits  are  reproduced  of  several 
authorities  closely  associated  with  the 
movctnent. 
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THE 


l)olopl)ane  Cumeter. 


THE  simple,  portable,  and  accurate  apparatus  for 
measuring  illumination,  surface-brightness,  or  reflect- 
ing power. 

Can  be  carried  from  place  to  place  with  the  ease 
of  a  small  hand  camera. 

Dimensions  only  51  in.  X  4h  In.  x  I4  in.;  case  and 
accumulators  supplied. 

Measurements  from  001  to  2000  foot-candles  can 
be    made. 


Showing  general  appearance  of  new  model  of  Holophane  Lumeter. 
(Dimensions  :  5J  in.  X  4^  in.  X  If  in.) 

The  Holophane  Lumeter  is  of  value  not  only  to 
lighting  engineers,  but  to  architects,  medical  officers, 
factory  inspectors,  photographers,  and    many    others. 


Among  the  users  of  this  instrument  may  be  mentioned  :— 

The  House  of  Commons,  The  Home  Office  (Factory  Dept.),  The  London 
County  Council,  General  Post  Office,  Great  Western  Railway,  L.  &  S.W. 
Railway,  Underground  Railways,  The  Gas  Light  &  Coke  Co.,  St.  James 
and  Pall  Mall  Electric  Supply  Co.,  The  Union  Electric  Co.,  The  British 
Thomson-Houston  Co.,  &c.,  &c. 


For   all  particulars   apply  to 


HOLOPHANE,  LTD., 

12,  Carteret  St.,  Queen   Anne's   Gate,  S.W. 
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OFFICIAL  ORGAN   OF  THE 

Jlluminatino  Bnoineerino  Society. 

(Founded  in  London,   1909.) 

ILLUMINATING  ENGINEERING  PUBLISHING  COMPANY,  LTD. 

32.  VICTORIA  STREET,  LONDON,  S.W, 

Tel.  No.  5215  Victoria. 


EDITORIAL. 


The  National  Gas  Exhibition. 

In  this  number  we  are  presenting  a  special  account  of  the  National 
Gas  Exhibition,  which  has  just  terminated  at  Shepherd's  Bush.  Readers 
will  find  on  pages  539-571  a  summar}^  of  the  chief  papers  on  illumination 
read  at  the  Conferences  (with  the  exception  of  the  Conference  of  Manufac- 
turers on  October  2gth,  with  which  we  mean  to  deal  in  our  next  number), 
and  a  general  description  of  the  exhibits.  Restrictions  of  space  prevent 
our  dealing  with  the  subject  as  fully  as  we  should  have  liked,  but  we  have 
endeavoured  to  bring  before  our  readers  the  salient  features.  The  occasion 
has  been  an  exceedingl}-  important  one  to  the  gas  industry,  and  there  were 
several  respects  in  which  it  was  of  more  than  ordinary  interest  to  the  general 
public. 

There  are  two  points  that  may  be  singled  out  for  special  reference. 
In  the  first  case  the  arrangement  of  the  Exliibition  was  decidedly  novel. 
In  place  of  a  series  of  stalls  by  individual  exhibitors  in  which  goods  of  the 
same  kind  are  constantly  repeated,   we  have  here   a  collective    exhibit. 
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Appliances  of  the  same  kind  supplied  b}-  various  firms  have  been  assembled 
together  and  the  aim  has  been  to  present  to  the  public  the  general  progress 
in  the  apphcation  of  gas  rather  than  to  follow  the  customary  trade  con- 
ception of  displaying  the  wares  of  certain  exhibitors.  There  can  be  no 
question  that  from  the  standpoint  of  the  public  the  method  adopted  is  the 
more  convenient  and  attractive  one. 

The  task  of  organising  this  representative  collection  of  exhibits  by 
so  many  different  manufacturers  must  have  been  a  difficult  one,  and  it 
is  not  surprising  that  in  a  few  cases  there  was  some  confusion  between 
the  exhibition  of  lamps  as  lamps,  and  their  use  to  produce  a  certain  illu- 
minating effect.  But  in  the  circumstances  the  task  of  devising  exhibits  to 
illustrate  certain  principles  of  illumination  was  well  performed. 

The  second  point  on  which  we  wish  to  dwell  is  the  statesmanlike  policy 
of  incorporating  with  the  Exhibition,  conferences  on  subjects  of  general 
interest.  In  his  introductory  remarks  at  one  of  these  conferences,  Mr. 
Goodenough  was  careful  to  explain  that  the  platform  had  been  provided 
for  genuine  discussion  of  lighting  problems  independent  of  the  nature 
of  the  illuminants.  The  influential  patronage  given  to  the  con- 
ferences and  the  fact  that  such  eminent  men  consented  to  preside 
is  an  indication  of  the  wisdom  of  this  policy.  The  result  has  been 
that  the  proceedings  at  the  conferences  have  been  very  widel}^  reported 
in  the  Press,  and  attention  has  been  drawTi  to  the  Exhibition  in  man\^ 
quarters  that  could  not  have  been  reached  by  any  other  means. 

The  Illuminating  Engineering  Society  was  given  an  excellent  oppor- 
tunity of  bringing  forward  its  aims  and  objects  and  the  fact  that  the 
Conferences  dealing  with  lighting  were  all  given  up  to  the  discussion  of 
illumination  in  its  broader  aspects,  rather  than  to  the  technicalities  of  gas 
appliances  was  a  justification  of  the  patronage  given  by  the  Society  to 
the  Exhibition. 

The  broadness  of  conception  that  characterised  the  whole  Exhibition 
was  well  illustrated  in  the  inaugural  address  of  Sir  Corbet  Woodall,  when 
he  stated  that  this  was  a  "  pro-gas  "  but  not  an  "  anti-electric  "  Exhibition. 
Sir  Corbet  also  expressed  the  belief  that  there  was  ample  room  for  gas  and 
electricity  to  work  side  by  side  ;  and  Lord  Rayleigh,  when  presiding  at 
the  Conference  on  Scientific  Illumination,  pointed  out  that  the  work  of 
the  Illuminating  Engineering  Society  has  shown  how  many  were  the  subjects 
on  which  representatives  of  the  two  industries  could  work  together  on 
parallel  lines. 

With  such  authoritative  expressions  of  opinion  in  favour  of  a  "  live 
and  let  live  "  policy  in  matters  of  illumination,  we  hope  that  the  old  con- 
troversial methods  will  gradually  give  way  to  a  more  enlightened  policy 
of  mutual  assistance. 

In  passing,  we  should  like  to  add  that  the  example;  set  at  this 
Exhibition  might  well  be  imitated  by  the  electrical  industr}',  and  we  hope 
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that  when  the  time  comes  to  organise  a  similar  exhibition  showing  the 
general  advance  in  electricity  in  the  service  of  man,  a  similar  policy  will 
be  pursued. 

The  vast  ramifications  of  the  gas  industry,  on  which  Sir  Corbet  also 
laid  stress  ;  the  huge  amount  of  capital,  now  amounting  to  over  £140,000,000, 
invested  in  it  ;  and  the  many  thousands  who  gain  their  livehhood  more 
or  less  directly  through  the  manufacture  of  gas,  are  all,  to  our  mind,  reasons 
for  desiring  its  welfare.  A  serious  check  to  the  industry  would  be  a  calamity 
which  electrical  interests  would  be  the  first  to  feel,  and  there  is  no  valid 
reason  why  representatives  of  either  industry  should  regret  the  prosperity 
of  the  other. 

In  conclusion,  a  word  of  praise  should  be  given  to  those  who  have 
worked  so  hard  to  make  the  Exhibition  a  success.  Special  reference  should 
be  made  to  the  energy  and  tactful  supervision  of  the  Chairman  of  the 
Executive  Committee,  Mr.  F.  W.  Goodenough,  and  to  the  very  able  way 
in  which  Mrs.  Cloudesley  Brereton  (also  a  member  of  the  Illuminating- 
Engineering  Society)  organised  the  editorial  arrangements. 

Illumination  and  Education. 

At  the  Conference  of  Educationists  on  October  nth  the  subject 
of  School  Lighting  was  again  to  the  fore.  We  find  in  the  sympathetic 
remarks  of  the  Chairman,  Sir  George  Kekewich,  and  in  the  other  speeches- 
delivered  on  this  occasion  a  general  recognition  that  good  lighting  in  the 
school  is  essential  in  the  interests  of  the  eyesight  of  the  children,  and 
that,  to  quote  the  remarks  of  Mr.  Goodenough,  "  it  is  impossible  to 
educate  a  child  properly  in  an  ill-lighted,  ill-ventilated,  or  ill-warmed 
school." 

There  was  another  argument  in  favour  of  good  illumination,  which 
seemed  to  impress  those  present,  and  which  had  not  been  stated  fully 
previously,  namely,  the  value  of  good  illumination  in  a  school  as  an  example 
to  the  children.  It  was  pointed  out  that  if  children  in  a  school  are  accus- 
tomed to  slovenly  methods  of  lighting,  gloomy  surroundings,  badly  placed 
lamps,  and  imperfectly  screened  fittings,  they  will  afterwards  view  with 
indifference  similar  defects  in  their  own  homes  ;  thus  the  evil  of  bad  lighting 
tends  to  be  perpetuated.  Now  one  of  the  chief  objects  of  education  in 
the  present  day  is  surely  to  train  the  children  in  cleanl}'  and  hygienic  habits. 
It  therefore  seems  to  be  of  the  utmost  importance  that  they  should  learn 
early  how  essential  from  the  hygienic  standpoint  is  good  illumination. 

In  short  the  claims  of  good  lighting  in  the  school  are  now  no  longer 
contested.  We  venture  to  hope  that  Sir  George  Kekewich,  who  was 
so  long  associated  with  the  Board  of  Education,  will  influence  that  body 
to  give  its  support  to  an  official  and  exhaustive  inquiry  into  the  lightmg 
C(mditions  in  scliools,  and  their  effect  on  health  and  sight.  The 
Illuminating  Engineering  Society,  through  tlie  work  of  its  committees, 
has  carried  the  subject  to  a  certain  point,  and  won  general  approval  for 
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the  work  so  far  done.  We  believe  that  the  time  is  now  ripe  for  the  subject 
to  be  taken  up  by  a  body  capable  of  organising  a  realh'  comprehensive 
inquiry  and  giving  effect  to  the  conclusions  arrived  at.  The  matter  is 
one  of  national  importance  and  should  not  be  left  to  the  efforts  of  a  few 
devoted  enthusiasts  who,  however  great  their  goodwill,  naturally  cannot 
be  expected  to  give  up  their  time  indefinitely  to  unpaid  labour  of  this  kind. 
The  time  has  come  when  the  Board  of  Education  should  be  approached 
and  asked  to  give  encouragement  to  these  researches,  and  the  Illuminating 
Engineering  Society'  will  be  only  too  glad  to  co-operate  and  place  their 
experience  at  the  Board's  disposal. 

Office  Lighting  and  Eyesight  of   Clerks. 

At  the  conference  of  manufacturers  on  October  2gth  several  papers 
were  presented  showing  the  vital  importance  of  good  lighting  in  the  factory, 
and  this  subject  is  certainly  exciting  a  great  deal  of  comment  just  now. 

But  there  is  another  question,  the  lighting  of  offices,  which  ought 
surely  to  be  considered  at  the  same  time,  and  is  in  many  respects  quite 
as  important.  Dr.  Meredith  Young  in  the  course  of  his  paper  on  "  Light 
and  Sight  "  remarked  :  "  It  is  a  pity  that  some  information  is  not  available 
as  to  the  amount  of  defective  vision  existing  among  that  large  section 
of  the  business  population  represented  by  clerks.  This  large  body  of 
workers  seems  to  have  escaped  the  eye  of  the  Home  Office  and  of  the  Legis- 
lature, and  in  man}'  other  matters  besides  that  of  lighting  and  heating 
demands  attention." 

In  such  an  exacting  occupation  it  is  particularh^  necessary  that  the 
illumination  should  be  good.  We  have  heard  of  cases  of  clerks  whose 
eyesight  has  been  ruined  by  their  occupation,  and  who,  when  they 
approached  their  employers,  were  unable  to  secure  any  redress.  Yet  it  is 
surely  as  reprehensible  for  an  employer,  by  neglecting  the  hghting  conditions, 
to  injure  the  eyesight  of  his  employees  as  it  would  be  for  a  manager  of  a 
factory,  by  neglecting  to  make  proper  provision  for  cleanliness,  to  foster 
cases   of  poisoning   in   dangerous   trades. 

In  many  instances  poor  lighting  conditions  in  banks  and  offices  are  the 
result  of  want  of  thought  and  "  makeshift  "  devices.  When  a  new  lamp 
arrives  it  is  substituted  in  the  old  fittings  without  the  thought  occurring 
that  what  was  suitable  twent\'  or  thirty  or  more  3'ears  ago,  is  no  longer 
desirable  to-day.  At  the  present  time  there  is  no  reason  why  the  best 
method  of  lighting,  as  far  as  present  experience  goes,  should  not  be  insisted 
upon — the  more  so  because  banks  and  large  offices  are  conducted  b}'  wealthy 
people  who  can  afford  to  take  broad  views  and  should  recognise  that  poor 
lighting  is  a  frequent  cause  of  errors  and  spoiled  work,  and  is  invariably 
inefficient  and  uneconomical. 

Leon  Gaster. 
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TECHNICAL  SECTION. 


The  Editor  while  not  soliciting  contributions .  is  willing  to  consider  the 
publication  of  original  articles  submitted  to  him,  or  letters  intended 
for  inclusion  in  the  correspondence  columns  of  "  The  Illuminating 
Engineer." 

The  Editor  does  not  necessarily  identify  himself  with  the  opinions 
expressed  by  his  contributors. 


THE   SEVENTH  ANNUAL  CONVENTION  OF  THE  AMERICAN 
ILLUMINATING   ENGINEERING   SOCIETY. 

(Held  in  Pittsburg,  September  22nd— 25th,  1913.) 


The  arrangements  for  the  Convention 
seem  to  have  been  exceptionally  com- 
plete this  year.  The  Souvenir  Pro- 
gramme issued  to  members  was  an 
attractively  got  up  publication.  Several 
of  the  meetings  were  held  in  the  Soldiers' 
Memorial  Hall,  the  decorative  lighting  of 
which  has  been  previously  described  in 
these  columns.* 

In  this  number  we  can  only  give  a 
rough  outline  of  the  contents  of  the 
papers,  a  complete  list  of  which  will  be 
found  at  the  end  of  this  article. 

General  Progress. 

The  report  of  the  Committee  on  Pro- 
gress has  this  year  been  extended  con- 
siderably. Special  sections  are  devoted 
to  electric  incandescent,  arc  and  vacuum 
tube  lamps  ;  gas  lighting  ;  acetylene  and 
other  systems  ;  photometry ;  ophthal- 
mology ;  progress  of  the  Illuminating 
Engineering  Societies,  and  co-operation 
with  other  bodies ;  indirect  and  semi- 
indirect  lighting ;  street  lighting  ;  fix- 
tures ;  globes  and  reflectors  ;  physics  ; 
photography  in  illuminating  engineering 
and  illumination  measurements  and  calcu- 
lations. References  are  given  to  many 
of  the  chief  papers  that  have  appeared 

*  Ilium.  Eng.  Lond.,  Vol.  VI.,  1911,  pp.  197, 
261. 


in  Europe  and  in  the  United  States. 
Altogether  it  is  a  useful  publication,  and 
we  propose  to  reproduce  it  shortly  in  this- 
journal. 

IMPROVEMENTS  IN  ELECTRIC 
INCANDESCENT  LAMPS. 

Several  papers  were  read  on  the  above 
subject.  Mr.  J.  W.  Howell  pointed 
out  the  great  accuracy  now  secured  in 
the  rating  of  lamps.  It  is  the  present  aim 
of  lamp  makers  to  secure  a  commercial 
life  of  1,000  hours  in  all  standard  tungsten 
lamps.  A  compromise  is  necessary  be- 
tween thin  filaments  which  are  apt  to 
break  mechanically  and  thick  filaments 
which  are  apt  to  blacken  the  bulb. 

Reference  was  also  made  to  the  new 
0"5-watt  per  candle  lamp  burning  in  an 
atmosphere  of  nitrogen.  The  presence  of 
this  gas  is  apt  to  cool  the  filament.  Com- 
paratively thick  wire  is  therefore  desirable 
and  only  high  candle-power  lamps  will 
first  be  supplied.  Mr.  Howell  showed  a 
110-volt  20-ampere  lamp,  giving  about 
the  largest  output 
single  incandescent 
however,  that  in- 
candescent lamps  giving  even  10,0(X1  c.p. 
could  be  produced  if  a  demand  arose  for 
such  extremely  powerful  lamps  as  this. 


5,000  c.p.  ;  this  is 
ever  obtained  in  a 
unit.     He    believed. 
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A  paper  was  also  read  by  Mr.  W. 
Harrison  and  Mr.  E.  J.  Edwards  on 
tungsten  filaments.  The  authors  de- 
clared that  since  1908  the  strength  of 
tungsten  filaments  had  increased  quite 
300  per  cent.  ;  and  that  the  strength  of 
drawn  wire  had  increased  40  per  cent, 
since  1911. 

Reference  was  made  to  the  use  of 
chemicals  in  the  bulbs  of  lamps  in  order 
to  reduce  the  blackening  effect.  This 
has  made  it  possible  to  reduce  the  size  of 
lamps.  Another  striking  development  has 
been  the  introduction  of  helical  filaments 
wound  in  a  small  space.  These  should 
be  specially  useful  for  optical  purposes 
where  a  highly  concentrated  light  is  re- 
•quired.  It  is  expected  that  such  lamps 
will  bring  about  a  considerable  change  in 
the  design  of  shades  and  reflectors ; 
especially  those  intended  to  give  a  highly 
•concentrated  light. 

T.  H.  Amrine  describes  some  experi- 
ments on  the  cooling  effect  of  leading-in 
wires.  This  is  a  matter  of  some  practical 
consequence,  and  affects  the  efficiency  of 
metal  filament  lamps  materially.  For 
example,  it  is  possible  to  have  two  lamps 
of  the  same  voltage  and  c.p.,  and  with 
filaments  of  the  same  diameter  but  differ- 
ing in  length  by  as  much  as  30  per  cent. 

QUARTZ  TUBE   MERCURY  LIGHT. 

W.  A.  D.  Evans  read  a  paper  on  the 
Mercury    Vapour    Quartz   Lamp.       The 

author  gave  curves  illustrating  the  rela- 
tion between  watts  per  candle  and  pres- 
sure in  the  tube  and  diagrams  showing 
how  the  leading-in  wires  are  sealed  into 
the  tube.  A  marked  step  forward  has 
been  the  use  of  a  quality  of  glass  which 
-enables  a  tungsten  wire  to  be  melted  in, 
thus  making  a  better  joint  than  the 
grinding-in  process.  Illustrations  of  a 
very  varied  selection  of  factories,  foun- 
dries, &c.,  lighted  by  quartz  tube  lamps 
are  given.  The  specific  consumption 
varied  from  O'll  to  069  watts  per  square 
foot.  In  conclusion,  the  author  gives  an 
account  of  the  use  of  quartz  tubes  for 
pathological  and  other  purposes.  The 
number  of  industries  in  which  ultra-violet 
rays  are  now  used  is  quite  remarkable,  for 
example,  the  fixation  of  patent  leather, 
the  bleaching  of  flour,  the  treatment  of 
oils,  paraffin,  &c.,  and  the  testing  of  the 
permanency  of  colours.     It  is  stated  that 


for  testing  dyed  fabrics  the  lamp  will 
accomplish  in  a  few  hours  what  would 
require  72  hours  by  dayhght. 

NEON  TUBE  LIGHTING. 

A  paper  by  MoNs.  George  Claude 
was  read,  describing  the  novel  system 
invented  by  him  of  lighting  with  vapour 
tubes  containing  Neon. 

The  author  explained  how  essential  it 
was  to  have  a  pure  gas  free  from  mixture 
with  hydrogen,  and  how  he  had  suc- 
ceeded in  avoiding  the  absorption  of  gas 
by  the  electrodes.  With  tubes  6  metres 
long  a  life  of  1,000  to  1,200  hours  can 
usually  be  obtained.  The  installation  at 
the  Grand  Palais  at  the  Champs  Elysees 
in  Paris,  the  St.  Ouen  Church  at  Rouen, 
&c.,  have  been  hghted  by  Neon  tubes  on 
festive  occasions,  and  the  red  colour  is 
considered  to  have  a  great  value  for 
decorative  and  spectacular  purposes. 
On  the  other  hand,  for  ordinary  fighting 
the  colour  is  something  of  a  drawback, 
and  the  author  suggests  that  a  fairly 
white  hght  could  be  obtained  by  a  com- 
bination of  Neon  tubes  (which  contain 
only  red  rays)  with  Mercury  vapour 
lamps  in  which  only  yellow-green  and 
blue  rays  were  present. 

SHADES  AND  REFLECTORS. 

Mr.  V.  R.  Lansingh  contributed  a 
paper  analysing  the  qualities  of  various 
types  of  glassware  and  containing  illus- 
trations of  new  types  of  white  glass  and 
Holophane  prismatic  globes.  In  each 
case  the  polar  curve  is  given.  In  sum- 
marising his  tests,  the  author  points  out 
that  glassware  may  be  divided  into  two 
distinct  classes — one  purely  transmitting 
and  diffusing  such  as  ground  glass  and 
opal  glass,  &c.,  and  prismatic  glass, 
where  the  principle  of  direct  reflection  is 
employed. 

The  last-named  type  of  glassware  is 
most  effective  in  altering  the  distribution 
of  light  from  the  source. 

RESEARCHES  ON  PHOTOMETRY. 

E.  C.  Crittenden  and  A.  H.  Taylor 
presented  a  paper  on  the  Pentane  Lamp. 

Detailed  instructions  are  given  with 
regard  to  the  preparation  and  use  of 
these  lamps  for  standard  purposes,  and 
references  are  included  to  all  the  chief 
papers  published  on  this  subject.     One 
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of  the  most  interesting  things  in  the 
paper  is  a  chart  showing  the  different 
conditions  as  regards  percentage  of  the 
water  vapour  in  various  parts  of  the 
United  States.  Whereas  in  New  Orleans 
the  water  vapour  present  in  a  cubic  metre 
of  air  varies  from  about  11 — 28  meters 
during  the  course  of  the  year  the  corre- 
sponding variation  at  San  Francisco  is 
only  from  about  10 — -13. 

It  may  be  noted  that  in  Boston  the 
average  percentage  departure  of  a  Pen- 
tane  lamp  from  its  normal  value  is  about 
— I'l  per  cent,  but  in  New  Orleans  is 
+  6"3  per  cent.  Other  matters  dealt  with 
in  the  paper  include  the  testing  of  pentane 
for  use  with  the  lamp,  and  the  effect  of 
ventilation  and  vitiation  of  the  air 
on  the  Hght.  The  figures  given  show 
that  measurements  of  this  lamp  can 
now  be  made  with  a  high  degree  of 
accuracy. 

An  interesting  paper  by  E.  J.  Edwards 
and  W.  Harrison  deals  with  the  accuracy 
of  photometry.  The  first  part  of  the 
paper  analyses  the  chief  sources  of  error. 
It  is  interesting  to  note  that  the  average 
deviation  of  readings  is  given  as  0'4  per 
cent,  in  the  Lummer-Brodhun  instrument 
as  compared  with  1'4  per  cent,  for  the 
Bunsen. 

The  authors  take  the  view  that  the 
errors  due  to  parallelism  of  rays  ("  search- 
light effect  ")  are  negligible,  if  the  experi- 
ments are  rightly  conducted. 

A  useful  section  of  the  paper  is  that 
discussing  errors  in  illumination  photo- 
meters due  to  departure  of  test-plates 
from  the  cosine  law.  The  average  error 
at  an  angle  of  45°  was  found  to  be  over 
10  per  cent.,  and  the  authors  consider 
that  results  when  testing  an  average 
installation  are  about  12  per  cent.  low. 

The  final  section  of  the  paper  deals 
with  methods  of  obtaining  and  recording 
distribution  data.  Many  illuminating 
engineers  have  experienced  the  difficulty 
that  if  polar  curves  of  reflectors  giving  a 
widely  different  distribution  of  light  are 
plotted  strictly  to  scale,  the  distinction 
between  their  properties  is  not  apparent 
to  the  non-technical  man. 

The  authors  propose  that  all  such 
curves  should  be  plotted  on  a  "  thousand 
lumen"  basis,  and  tables  and  charts  are 
given  showing  how  such  data  are  con- 
veniently presented. 


S.  L.  E.  KosE  describes  the  Illuminating 
Engineering  Laboratory  of  the  General 
Electric  Co.,  which  seems  to  be  very 
completely  equipped.  A  plan  is  given 
showing  the  various  sections  devoted  to 
the  photometry  of  arc  lamps,  large  gas 
lamps,  life  tests  of  incandescent  lamps, 
colour  testing,  photography  arCj  &c. 
Photometers  of  the  "  const  .nt  length  " 
and  "  constant  radius  "  types  are  used 
for  determining  polar  curves  of  light  dis- 
tribution, and  Ulbricht  spheres  of  1  and  2 
metres  diameter  are  also  used  for  obtain- 
ing data  regarding  the  mean  spherical 
c.p.  An  interesting  section  is  the  photo- 
graphic department  which  furnishes  the 
commercial  division  of  the  company  with 
day  and  night  views  of  representative  in- 
stallations and  also  provides  photographs 
illustrating  distinctions  between  good  and 
bad  lighting. 

In  the  Show  Room  a  very  practical 
device  is  the  installation  of  a  series  of 
booths  arranged  to  show  the  intensity  of 
illumination  in  steps  from  J  up  to  20  foot- 
candles.  This  gives  the  non-technical 
man  an  idea  of  what  is  meant  by  an 
illumination  of  so  many  foot-candles 
which  a  photometric  measurement  may 
not  convey. 

F.  K.  RiCHTMYER  discusses  the  use  of 
the  Selenium  Cell  in  photometry.  The 
experimental  difficulties  involved  in  the 
use  of  such  cells  appeared  to  be  consider- 
able, and  there  are  also  difficulties  arising 
from  the  fact  that  the  sensitiveness  of  the 
cell  to  light  of  different  colours  is  widely 
different  from  that  of  the  eye.  In  ad- 
dition, an  incautious  exposure  of  the  cell 
to  a  very  high  illumination  (above  that 
for  which  it  is  customarily  used)  would 
lead  to  its  giving  very  erratic  results. 

EFFICIENCY    OF    THE    EYE    UNDER 
VARIOUS  SYSTEMS  OF  LIGHTING. 

Dr.  C.  E.  Ferree  describes  a  series  of 
measurements  intended  to  ascertain  (a) 
whether  the  eye  shows  a  loss  of  acuteness 
of  vision  after  three  or  four  hours'  work 
under  a  given  lighting  system,  and  (b) 
whether  there  is  a  progressive  loss  of 
efficiency  in  working  for  several  months 
or  years  under  any  particular  system. 
The  problem  is  a  complicated  one,  and 
acuteness  of  vision  has  to  be  distinguished 
from  purely  muscular  or  mental  fatigue. 
Experiments  were  made  by  observing  a 
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number  of  test  objects,  consisting  of 
vertical  parallel  lines,  dots,  &c.  It  is 
apparently  difficult  to  draw  definite  con- 
clusions from  the  author's  results,  which 
were  subjected  to  some  criticism  in  the 
discussion.  His  chief  deduction  seems 
to  be  that  the  most  important  factor  for 
the  welfare  of  the  eye  is  a  distribution  of 
illumination,  and  that  the  actual  amount 
of  light  provided  is  in  most  cases  need- 
lessly high. 

LIGHTING  INSTALLATIONS  OF  VARIOUS 
KINDS. 

Quite  a  variety  of  papers  were  presented 
dealing  with  various  kinds  of  lighting  in- 
stallations. E.  F.  Kingsbury  describes 
the  gas  lighting  of  a  Sunday  Scliool  by 
some  novel  methods.  Lamps  controlled 
by  electro-magnetic  means  were  placed 
above  a  diffusing  glass  ceiUng,  and  the 
alcoves  at  the  ends  of  the  room  were 
lighted  by  placing  a  large  semi-circular 
translucent  screen  in  front  of  each  of  the 
11  upright  burners.  The  average  illu- 
mination secured  appears  to  have  been 
about  1  foot-candle,  and  in  view  of  the 
nature  of  the  work  and  the  restful  effect 
of  the  lighting  this  was  considered 
sufficient. 

STREET  RAILWAY  LIGHTING 

is  treated  by  S.  G.  Hibben.  He  states 
that  metal  filament  lamps  have  entirely 
replaced  carbon  filament  lamps  in  the 
States.  The  latest  device  is  the  use  of 
94  or  56- watt  lamps  in  conjunction  with 
suitable  shades.  The  glare  from  a  long 
row  of  unscreened  lights  is  now  con- 
sidered most  objectionable,  and  the  new 
method  is  likely  to  be  largely  introduced. 
Besides  being  more  restful  and  decora- 
tive, the  cost  of  lighting  with  the  new 
units  will  be  exceptionally  low. 

Diagrams  showing  the  arrangement  of 
lamps  and  the  illumination  in  the  cars 
are  given.  It  appears  that  with  the  old 
tvpe  of  carbon  filament  lamps  an  average 
illumination  of  2'24  foot-candles  was 
found ;  with  shaded  metre  filament 
lamps  a  higher  value  of  4*13  foot-candles 
is  provided. 

W.  S.  Kilmer's  paper  on  Hospital 
Lights  may  be  divided  into  two  branches  : 
— the  lighting  of  the  wards  and  the  pro- 
vision   of    special    lamps    for    operating 


tables,  &c.  For  ward  lighting  the  author 
considers  indirect  and  semi-indirect 
methods  to  be  beneficial,  the  lamps  being 
usually  fitted  down  the  centre  of  the 
room.  In  the  illustration  given  by  the 
author  local  brackets  are  also  placed  over 
the  beds,  but  presumably  these  are  only 
turned  on  when  the  doctor  wishes  to 
examine  the  patient's  condition  closely. 
For  the  illumination  of  operating  tables 
small  bulb  lamps,  placed  at  the  focus  of 
para  bolic  metal  reflectors,  are  largely  used. 
The  author  also  shows  some  special  conical 
reflectors  by  which  an  illumination  similar 
to  daylight  in  intensity  and  spectrum 
composition  can  be  provided  for  micro- 
scopes. 

A  paper  by  M.  H.  Flexner  and  A.  0. 
Dicker  on  Factory  Lighting  contains  a 
number  of  arguments  in  favour  of  good 
illumination.  A  series  of  calculations  are 
given,  showing  that  good  fighting,  which 
has  such  an  important  influence  on  the 
quality  and  output  of  the  work,  neverthe- 
less forms  but  a  small  percentage  of  the 
total  costs  of  salaries  and  upkeep  of 
machinery.  For  example,  from  data  on 
a  large  number  of  installations,  the  cost 
of  labour  per  day  works  out  to  3'5  dollars, 
and  the  corresponding  cost  of  light  per 
day  is  only  0"02  dollars — i.e.,  about  half 
a  per  cent,  of  the  cost  of  labour. 

In  conclusion  the  author  describes  a 
very  interesting  experiment  being  tried 
by  the  Commonwealth  Ediswan  Co.  of 
Chicago.  To  many  consumers  the  first 
cost  of  the  installation  is  thus  an  im- 
portant consideration.  The  company 
therefore  arranges  a  contract,  including 
charges  for  rental,  maintenance  and 
electricity,  so  that  the  customer  can  pay 
in  instalments  for  the  installation,  which 
ultimately  becomes   his  property. 

The  paper  by  R.  B.  Ely  on  Church 
Lighting  is  chiefly  interesting  as  showing 
the  great  variety  of  methods  used  in 
churches  in  the  States.  Some  are 
lighted  by  clusters  of  chandeliers,  others 
by  overhead  illumination  through  a 
diffusing  glass  ceiling,  and  others  again 
by  cornice  lighting. 

A  modern  tendency  is  the  use  of  illu- 
minated texts  round  the  walls,  or  even 
designs  in  large  letters  upon  the  roof  of  the 
building.  The  name  of  the  church  is 
often  indicated  by  an  illuminated  sign 
over  the  porch.     Another  development  is 
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the  use  of  an  illuminated  bulletin 
board  on  which  notices  of  events  are 
presented. 

Seeing  how  vital  it  is  to  the  modern 
church  to  attract  the  attention  of  passers- 
by  and  secure  their  support,  the  use  of 
such  methods  would  seem  to  have  a 
certain  justification. 

In  conclusion  we  may  notice  a  series 
of  three  papers  devoted  to  shop  lighting. 
J.  E.  Philbrick  deals  with  shop  lighting 
by  gas  in  a  general  manner,  insisting  on 
the  importance  of  technical  information 
on  the  subject  being  placed  in  the  hands 
of  canvassers.  H.  B.  Wheeler  deals 
with  window  lighting,  showing  various 
types  of  reflectors  conveniently  used  in 
modern  shops,  and  indicates  the  distribu- 
tion of  light  fi-om  each.     An  interesting 


method  employed  in  the  paper  is  the 
presentation  of  diagrams  showing  the 
distribution  of  illumination  for  the  ''  line 
of  trim."  By  this  phrase  is  meant  the 
sloping  contour  from  the  front  of  the 
window  to  the  back  along  which  the  goods 
are  mainly  arranged  and  where  the  light 
is  chiefly  needed. 

Finally,  there  is  a  paper  by  C.  L.  Law 
and  A.  L.  Pow^ell  on  decorative  store 
lighting.  The  authors  try  to  discriminate 
between  the  needs  of  a  variety  of  shops 
(devoted  to  toys,  jewellery,  millinery, 
books  and  curios,  &c.).  The  main  argu- 
ment adopted  is  that  special  lighting 
should  be  used  according  to  the  nature  of 
the  trade.  Illustrations  of  a  considerable 
number  of  shops  are  given  and  data  of 
lamps  supplied  in  each  case. 


PAPERS  PRESENTED  AT  THE  CONVENTION  :— 

Report  of  the  Committee  on  Progress. 

The  Evoi.ution  of  the  Lamp.     By  Roscoe  F.  Scott. 

The  Use  or  Nitrogen  at  Low  Pressure  in  Tungsten  Lamps.    By  G.  M.  J.  McKay. 

Current  Developments  in  Manufacture  of  Incandescent  Lamps.     By  T.  W. 

Howoll. 
Some  Commercial  Aspects  of  Gas  Lighting.     Bj^  J.  E.  Philbrick. 
Recent  Improvements  in  Incandescent  Lamp  Manx'facture.     By  Ward  Harrison 

and  Evan  J.  Edwards. 
The  Cooling  Effect  of  Leadtng-in  Wires  upon  the  Filaments  of  Tungsten 

Incandescent  Lamps  of  the  Street  Series  Type.     By  T.  H.  Amrine. 
The  Mercury- Vapol^r  Quartz  Lamp.     By  W.  A.  D.  Evans. 
A  Lecture  on  Neon  Lighting.     By  George  Claude. 

Characteristics  of  Enclosing  Glassware.     By  Van  Rensselaer  Lansingh. 
Some  Theoretical  Considerations  of  Light  Production.     By  W.  A.  Darrali. 
Some  Studies  in  Accuracy  of  Photometry.     By  Evan  J.   Edwards  and  Ward 

Harrison. 
The  Pentane  Lamp  as  a  Working  Standard.     Bv  E.  C.  Crittenden  and  A.  H. 

Taylor. 
The  Photo-Electric  Cell  in  Photometry.     By  F.  K.  Richtmyer. 
The  Illuminating  ENGiNEERiNCi  Laboratory  of  the  General  Electric  Company. 

By  S.  L.  E.  Rose. 
The  Efficiency  of  the  Eye  under  Different  Systems  of  Illumination — The 

Effect  of  Variations  in  Distribution  and  Intensity.     By  C.  E.  Feree. 
The  Psychological  Values  of  Light,  Sh.\de,  Form,  .vnd  Colour.     By  Dr.  F.  Park 

Lewis. 
Experiments  in  the  Illumination  of  a  Sunday-School  Roo!m  with  Gas.     By 

Edwin  F.  Kinf(sbiiry. 
Modern  Practise  in  Street  Railway  Illumination.     Bj'  S.  G.  Hibben. 
Hospital  Lighting.     By  William  S.  Kilm?r. 
Factory  Lighting.     By  M.  H.  Flexner  and  A.  O.  Dicker. 
Store  Lighting.     By  J.  E.  Philbrick. 
The  Lighting  of  Show  Windows.     By  H.  B.  Wheeler. 
Distinctive  Store  Lighting.     By  Clarence  L.  Law  and  A.  L.  Powell. 
Cki'rch  Lighting.     By  Robert  B.  Ely. 
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A  HISTORIC  GAVEL  FOR  THE  ILLUMINATING  ENGINEERING 
SOCIETY   (U.S.A.). 


We  observe  that  at  the  opening 
meeting  of  the  American  Illuminating 
Engineering  Society  on  September  23rd, 
Prof.  G.  A.  Hoadley,  on  behalf  of  the 
Philadelphia  section,  presented  to  the 
Society  an  interesting  chairman's  gavel 
of  unique  composition  and  designed  to 


made  in  Welsbach's  laboratory  in  1887  ; 
and  the  arc  lamp  by  a  piece  of  the  first 
electrode  used  in  a  magnetite  arc  in  1903, 
and  a  carbon  holder  used  in  one  of  the 
first  lamps  designed  by  Prof.  Elihu 
Thomson.  The  incandescent  lamp  is 
represented    by    a    die     used     by     ^Ir. 


Ftg.   ]. — Diagram  showing  constitution  of  Gavel. 


Fig.  2. — General  view  of  Gavel. 


illustrate  the  progress  of  illuminati©n 
from  the  remote  past  up  to  the  present 
day. 

The  oil  lamp  is  represented  by  two 
pieces  of  iron  from  a  bracket  designed  by 
Benjamin  Franklin  ;  the  incandescent 
mantle    by  a   vial  of   the    original    fluid 


Edison    in    his    early    experiments    with 
filaments  in  1879, 

Altogether  the  design  of  the  gavel 
seems  to  be  a  bright  idea.  The  two 
accompanying  illustrations  show  how 
these  historic  constituent  parts  are  to  be 
arranged. 
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THE    NATIONAL   GAS   EXHIBITION   AND    CONGRESS. 

(Held  at  Shepherd's  Bush,   October  1st — -October  31st,  1913.) 


The  Opening  of  The  Exhibition. 

The  National  Gas  Congress  and  Exhibi- 
tion was  duly  opened  on  October  1st  by 
the  Lord  Mayor  of  London  in  the  presence 
of  a  very  representative  gathering  of 
members  of  the  Gas  Industry  from 
London  and  the  provinces.     A  telegram 


invested     in 


Sir  Corbet  Woodall,  D.Sc,  M.Inst.C.E 

I'l-csidcut  of  the   l':xliit)itiuii. 


had  l)een  despatched  tendering  the  loya; 
greetingo  and  expressing  ap])i-o(iati()ii 
of  the  patronage  given  to  the  Exhibition 
by  His  Majesty  King  George  and  the 
■Queen,  and  a  Koyal  Message  graciously 
jKkiu)wledging  the  telegram  and  express- 


ing wishes  for  the  success  of  the  Exhilution 
was  subsequently  read  out  by  Sir  Corbet 
Woodall. 

In  opening  the  proceedings  Sir  Corbet 
Woodall  alluded  to  the  wide  ramifica- 
tions   of   the    gas    industry,    the    capital 
which    now    exceeds     140 
million     pounds.        He 
explained   how   all    the 
sections  of  the  industrv 
were  to  be  represented  at 
the  Exhibition,  and  how 
the  exhibits  were  to  be 
.supplemented    by   con- 
ferences and  lectures  on 
many  topics. 

Tlie  Lord  Mayor,  in 
letui'ning  thanks  for  the 
President's  welcome, 
also  alluded  to  the  mar- 
\ellous  progress  and 
improvements  of  recent 
years  in  the  production 
and  application  of  gas 
for  illuminating,  cook- 
ing, heating,  industrial 
and  other  purposes — 
matters  which  were  of 
vital  importance  to 
young  and  old,  and  to  all 
sections  of  the  public. 

Mr.  Edward  Allex, 
President  of  the  Institu- 
tion of  Gas  Engineers, 
proposed  a  vote  of 
thanks  to  the  Lord 
Mayor  and  Prof.  H.  B. 
Dixon,  President  of  the 
Society  of  British  Gas 
Industries,  seconded  the 
)  notion. 

At  the  Inaugural  Ban- 
(|uet  which  followed,  an 
address  was  delivered 
by  The  President  (Sir 
Corbet  Wooda'l),  wlio 
eniphasi.scd  the  fact  that 
from  its  verv  conuuencement  gas  had 
been,  not  a  coinnicdity  intended  mainlv 
for  the  aristocracv  but  a  practical  boon 
to  the  general  public. 

Sir  Corbet  also  expressed  the  belief  that 
there  was  room  l)oth  for  gas  and  electricity, 
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and  that  both  systems  of  lighting  had 
their  legitimate  fields  of  employment. 
■'  From  a  luxury  of  the  prosperous 
middle  class,  gas  has  been  raised  into  the 
status  of  a  necessity  of  all  classes.  I 
need  hardly  say  that  this  is  not  an  anti- 
electric,  it  is  a  pro-gas  exhibition.  We 
recognise  that  there  is  room  and  a  place 
for  both  gas  and  electricity  in  the  service 
of  the  community.  We  use  electricity 
for  certain  purposes  in  our  works  :  the 
electrician  uses  gas  largely  in  his  Morks 
for  the  making  of  cables,  dynamos  and 
lamps,  while  the  consumer  in  many  cases 
vises    gas    to    produce    electricity.     The 


Mr.  F.  W.  Goodenough, 

Chairman  of  the  Executive  Committee  of  the  Exhibition. 
presence  of  so  many  among  us  to-day 
who  are  at  the  head  of  both  gas  and. 
electricity  undertakings  is  evidence  of  a 
community  of  interests  between  the 
two." 

Mr.  F.  W.  GooDEXOTTGH  proposed  the 
toast  of  the  Lord  Mayor,  and  recalled  that 
as  far  back  as  1859,  the  Lord  Mayor  of 
London  at  that  time  had  opened  the 
works  of  the  Great  Central  Gas  Con- 
sumers' Company  and  had  addressed  the 
workmen  present  on  the  advantages  of 
gas. 


In  our  last  number  Ave  gave  a  hst  Oi  the 
papers  to  be  read  at  the  Congress  and  the 
series  of  popular  lectures  taking  place 
each  evening  during  the  month  of  October. 
A  notable  element  in  the  Exhibition  has 
been  the  distirguished  patronage  it  hfs 
received  from  men  of  high  scientifc 
repute,  and  the  proceedings  at  ile 
various  conferences,  in  particular,  have 
been  closely  followed  both  in  the  daily 
and  technical  Press. 

Readers  will  find  in  recent  nunibeis- 
cf  the  Journal  of  Gas  LigUimj  (to  whose 
courtesy  we  are  indebteel  for  the 
blocks  showing  the  portraits  of  Sir 
Corbet  Wooelah  and  Mr.  Edward 
Allen)  a  eletailed  account  of  the 
proceedings.  On  pp.  551-570  we 
give  abstracts  of  the  chief  papers, 
presented. 

Illumination  and  Education. 

The  Conference  of  Educationists 
was  opened  on  Saturday,  October 
11th.  Sir  George  Kekewich  being 
in  the  chair. 

jMr.  F.  W.  Goodenough,  in  ex- 
pressing a  welcome  to  Sir  George 
and  to  the  readers  of  the  papers, 
explained  that  it  was  the  desire  of 
the  Executive  Committee  that  im- 
partial information  of  value  to  those 
concerneel  with  education  should, 
be  presented,  and  it  was  in  no  wav 
desiied  to  use  the  conferences  as  a 
party  platfoi'm  on  behalf  of  ga& 
against  any  of  its  competitors. 

Sir  George  Kekewich  recalleel 
some    of    his    experiences    in    ex- 
amining the  ventilation  and  lighting 
of  schools,  and  commented  on  the 
great  progress  that  had  been  made 
in    the    planning    and  allotting  of 
adequate  window  space.     But  the 
question    of    artificial  lighting   was    also 
of  great  importance.    Excessive  briUiancy 
shoulel  be  avoided  and  the  lights  should 
be  properly  shrded. 

Prof.  S.  P.  Thompson  then  read  his 
paper  entitled  "  Some  Consideration  of  the 
Brightness  of  Lights."  Subsequently, 
Mr.  J.  S.  Dow,  in  the  unavoidable  absence 
of  Mr.  Leon  Gaster,  presented  the  latter's 
paper  on  the  "  Physiological  and  Mental 
Disadvantages  of  Unscientific  Illumina- 
tion "  (see  pp.  554-556). 
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Mr.  A.  J.  Martin,  who  propo«;ed  a 
vote  of  thanks  to  the  aiithors  oi  the  papers, 
Jaid  stress  on  the  importance  of  adequate 
illumination  rather  tlian  lamps  of  high 
candle-j)ower.  The  distribution  of  illu- 
mination was  of  great  importance  ;  vet 
it  was  not  an  easy  matter  to  arrange  the 
lighting  of  a  room  containing  forty  or 
fifty  children  so  that  none  of  them  were 
€X2)osed  to  Alare.    Again  the  dir  .-ction  from 


eye     unaided, 


I 


Mr.  Edward  Allen. 

I'lvsi.lciit  of  the  Institution  of  (ins  Kimiiieors. 

which  the  light  struck  tlu"  printed  page  of 
a  book  which  children  were  reading,  or 
The  sheet  on  which  they  were  writing, 
was  also  of  importance.  lie  hoped  that 
the  Board  of  Education  would  pay  special 
attention  to  this  matter.  In  particular 
the  Board   should  olitain  the  services  of 


inspectors  cjualified  to  deal  with  this 
aspect  of  illumination,  and  should  see 
that  the  plans  of  schools  fulfilled  their 
requirements. 

Mr.  F.  W.  GooDEXOUGH,  in  seconding 
the  vote  of  thanks,  confiimed  Prof. 
Thompson's  statement  with  regard 
to  the  necessity  of  good  methods  of 
measurenient,  and  remarked  that  the 
was  a  very  incomplete 
photometer. 

Mr.  Goodenough  also 
laid  stress  on  the  desir- 
ability of  printing  on  a 
quality  of  paper  with- 
out much  shine,  and 
mentioned  that  an 
illustrated  pamphlet 
recently  reprinted  from 
the  Iliumi netting  Engi- 
neer, and  issued  by 
the  British  Commercial 
Gas  Association,  ful- 
filled the  requirements 
in  this  respect  very 
well. 

Experts  showed  that 
it  was  impossible  to 
work  in  an  ill-ventilated, 
ill-lighted,  or  ill-heated 
sclioolroom.  and  he  was 
glad  to  hear  that  this 
was  being  brought 
home  to  those  respon- 
sible for  school  equi})- 
ment. 

Mr.  J.  G.  Clark  like- 
wise alluded  to  the 
importance  of  proper 
spacing  of  lights.  He 
pointed  out  that  the  re- 
commendations already 
issued  by  the  Ilkmii- 
uating  Engineering 
Society,  if  conscien- 
tiously carried  out. 
would  bring  about  a 
great  improvement  in 
the  lighting  of  schools 
in  this  country. 

]Mr.  V.  .1.  Waldram  pointed  out  that 
the  question  of  daylight  illumination  on 
which  not  much  had  been  said  in  the  two 
papers  presented,  was  one  of  the  most 
important  items  for  the  designers  of 
schools,  seeing  that  they  were  used 
chieflv  in  the  davtime. 
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The  vote  of  thanks  havinu'  been  put  to 
the  vote  anil  unanimously  carried.  Prot. 
Thompson  thanked  the  meetinji  on  behalf 
of  Mr.  C4aster  himself.  He  explained  that 
this  being  a  Gas  Exhibition,  he  had 
naturally  devoted  attention  to  artificial 
lighting.  The  lighting  of  large  buildings 
was  very  fi"equently  carried  out  in  a  very 
haphazard  manner.  He  mentioned  a 
case  in  which  a  firm,  after  inspecting  the 
plans  for  a  building,  had  merely  specified 
so  many  lamps  for  each  room,  spaced  in  a 
uniform  manner,  without  incjuiring  for 
what  purpose  the  rooms  were  to  be  used. 
He  thought  that  the  subject  of  lighting 
should  receive  special  attention  in  con- 
nection with  com'ses  of  architecture,  so 
that  architects,  in  whose  hands  the 
lighting  often  rested,  could  be  induced  to 
take  more  interest  in  illumination. 

In  the  course  of  the  afternoon  two 
papers  were  read,  one  by  Mrs.  Mildred 
Atkinson  on  "  Cookery  in  the  School," 
and  the  otlier  by  Messrs.  Septimus 
Warwick  and  Austen  Hall  on  "  The 
School  of  the  Future." 

Subsecjuently,  Mr.  Edward  Allex 
proposed  a  hearty  vote  of  thanks  to  the 
authors  and  dwelt  on  the  importance  of 
bringing  home  to  architects  what  could 
be  done  by  modern  methods  of  illumina- 
tion. The  Chairman,  in  putting  the 
vote,  said  that  he  understood  that  the 
L.C.C.  were  paying  increased  attention  to 
this  matter. 

Mr.  GooDEXOUGH  next  proposed  a  vote 
of  thanks  to  Sir  George  Kekewich  for  the 
able  and  genial  manner  in  which  he  had 
presided.  The  vote  Avas  seconded  by 
^Irs.  Cloudesley  Brereton.  who  mentioned 
that  she  herself  had  been  an  official  under 
the  Board  lA  Education  at  the  time  Sir 
Geo"ge  Kekewich  was  secretary.  The 
educational  world  owed  a  great  deal  to 
men  who  continue  to  take  an  interest  in 
these  subjects  after  having  retired.  The 
vote  of  thanks  having  been  carried  the 
conference  closed. 


Hygiene  of  Lighting  and  Heating. 

At  the  Conference  on  this  subject  on 
October  14th  papers  were  presented  by 
Dr.  S.  EiDEAi,  (see  pp.  557-559)  and  by 
Dr.  Leoxari)  Hill,  and  by  Prof. 
Ytviax  Lewes.     Dr.  RideaTs  paper  was 


devoted  mainly  to  an  account  of  the 
experiments  carried  out  by  him  some 
years  ago.  in  which  he  demonstrated  the 
comparative  physiological  results  in  two 
rooms  of  ecjual  size,  lighted  respectively 
by  gas  and  electricity.  Dr.  Leonard  Hill 
dealt  with  the  Health  Value  of  Radiant 
Heat,  and  described  experiments  with 
specially  constructed  thermometers  illus- 
trating the  difference  in  effect  of  a  coal 
and  gas  fire.  Prof.  Vivian  Lewes  dis- 
cussed phenomena  connected  with  com- 
bustion, and  stated  that  the  ideal  stove 
should  emit  heat  in  such  a  manner  as  to 
warm  the  solid  objects  in  the  room 
but  leave  the  air  cool  for  carrying  on  the 
functions  of  the  body. 

Scientific  Illumination. 

The  first  paper  on  this  subject,  by 
Mr.  Leox  Gaster,  summarised  the  Aims 
and  Objects  of  the  Illuminatmg  Engmeer- 
ing  Society.  It  was  followed  by  papers 
from  Dr.  Meredith  Youxg  on  Light 
and  Sight,  and  from  Mr.  Fraxklix 
Thorp  on  the  Economy  of  Efficient 
Lighting  (see pp.  561-570).  The  titles  were 
aptlv  chosen  so  that  general  principles  of 
illumination,  their  importance  to  vision, 
and  their  application  in  the  factory 
were  all  fully  illustrated. 

ilr.  GooDEXOUGH.  in  introducing  the 
Chairman  (Lord  Rayleigh),  expressed  the 
gi-eat  appreciation  all  must  feel  of  Lord 
Rayleigh  having  given  up  some  of  his 
valuable  time  to  preside. 

The  Chairmax  pointed  out  that  the 
basis  of  proper  illumination  was  essen- 
tially scientific.  It  is  only  through  the 
illumination  shed  upon  objects,  and  the 
light  reflected  from  them,  that  these 
objects  become  visible.  A  thing  that  is 
absolutely  transparent — that  allows  light 
to  pass  through  but  reflects  none — would, 
in  fully  diffused  light,  be  absolutelv 
invisible.  Prof.  Wood,  of  Baltimore, 
had  illustrated  this  by  enclosing  a 
tumbler  of  water  within  a  chamber 
uniformly  coated  with  phosphorescent 
paint  :  in  these  circumstances  a  glass 
of  water,  a  glass  prism,  and  other  trans- 
parent objects  completely  disappeared. 

He  nientioned  this  to  show  how 
intimate  a  bearing  the  diffusion  of  light 
had  on  the  experiences  of  the  eye.  The 
proper  distiibution  of  light  might  be  quile 
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as    important    as   the    amount    of   light 
provided. 

Mr.  Gaster's  paper  having  been  read, 
a  vote  of  thanks  to  the  author  was 
moved  by  Sir  John  Cockburk,  who 
remarked  that  it  was  hardly  possible  to 
over-estimate  the  value  of  such  a  body 
as  the  Illuminating  Engineering  Society, 
and  the  great  benefit  which  its  impartial 
platform  provided.  Sir  John  added  that 
an  intimate  relation  might  be  found 
to  exist  between  the  amount  of  illumina- 
tion desired  and  the  brain.  When  the 
brain  was  dull  the  effect  of  turning  on  a 
number  of  lights,  had,  in  his  experience,  a 
decidedly  stimulating  action.  He  fully 
agreed  as  to  the  desirability  of  keeping  the 
source  of  light  away  from  the  eye,  and 
throwing  its  rays  on  the  object  to  be 
illuminated.  The  ideal  system  of  illu- 
mination is  that  in  which  the  actual  source 
is  invisible  to  the  eye  ;  in  this  respect 
we  might  well  take  a  hint  from  the 
natural  illumination  derived  from  the 
sky  in  the  da3'time. 

Mr.  F.  W.  GooDENOUGH,  in  seconding 
the  vote  of  thanks,  expressed  his  apprecia- 
tion of  the  zeal  and  energy  with  which 
Mr.  Gaster  had  conducted  the  Society's 
affairs — of  which  he  had  had  experience 
in  his  capacity  as  Chairman  of  the  Council 
of  the  Society.  He  was  also  glad  to  have 
the  opportunity  of  testifying  to  the 
harmony  with  which  representatives  of 
gas  and  electricity  had  worked  together 
on  the  Council,  and  to  the  very  able 
guidance  of  its  President,  Professor 
Silvanus  Thompson.  Mr.  Goodenough 
added  that  at  present  the  membership  in 
the  Society  did  not  convey  any  pro- 
fessional qualification  ;  but  he  hoped 
that  in  time  to  come  when  a  qualifying 
examination  would  entitle  members  to 
use  the  term  '"  member  of  the  Illuminating 
Engineering  Society,"  as  an  indication  of 
their  acquaintance  with  the  subject  of 
illumination.  Sir  John  Cockburn  and 
Mr.  Gaster  had  both  referred  to  the 
steady  rise  in  the  standai'd  of  illumination 
lequired  in  modern  streets  aiul  buildings. 
Jn  studying  and  prescribiiig  the  amount 
of  light  needed,  proper  methc.dsof  measure- 
ment were  needed,  and  he  hoped  that 
before  long  we  should  be  able  to  measure 
illumination  in  the  same  precise  manner 
that  we  measure  temperatures  to-day. 


Mr.  R.  G.  Shadbolt  suggested  that  it 
would  be  very  desirable  for  the  Society 
to  form  local  sections  in  the  provinces  so 
that  members  of  the  gas  industry  who 
did  not  reside  in  London  could  take  more 
pai't  in  its  proceedings. 

The  Chairman  remarked  that  there 
were  many  questions  of  equal  interest 
to  those  concerned  respectively  with  gas 
and  electric  lighting,  and  on  which  their 
standpoints  were  not  antagonistic,  and  the 
Society  had  done  good  work  in  bringing 
these  forward.  He  fully  agreed  as  to  the 
vital  importance  of  methods  of  measuring- 
light.  Experience  has  shown  that  the 
measurement  of  electricity,  once  a  difficult 
process,  had  become  a  very  simple  and 
easy  matter  to-day  ;  but  this  was  due 
to  the  labours  of  many  scientific  men 
who  had  prepared  the  way  for  modern 
conditions.  If  in  the  same  way  we  could 
measm-e  light  and  illumination  with 
precision  a  great  step  would  have  been 
taken  towards  ascertaining  what  was 
desirable  in  practical  matters. 

The  vote  of  thanks  having  been  carried, 
Mr.  L.  Gaster  briefly  replied.  He 
thanked  Mr.  Shadbolt  for  his  valuable 
suggestion,  which  he  said  would  receive 
the  consideration  of  the  Council.  He 
quite  agreed  that  something  should  be 
done  to  interest  the  provinces ;  only 
it  must  be  remembered  that  a  Society 
had  to  learn  to  walk  before  it  could  run. 

Subsequently  the  papers  by  Dr. 
Meredith  Young  and  Mr.  Franklin  Thorp 
(see  pp.  565-570)  were  presented. 

Mr.  Leon  Gaster  proposed  a  vote  of 
thanks  to  Mr.  F.  Thoi-p.  In  the  course  of 
his  remarks  he  referred  to  some  statistics 
prepared  by  the  National  Electric  Light 
Association  in  the  United  States,  showing 
that  the  "  spoilage  '"  of  goods  in  that 
country  amounted  to  millions  of  dollars 
per  annum — even  a  small  percentage 
saving  on  which  (such  as  would  surely 
be  accomplished  as  a  result  of  iniproved 
lighting)  would  amount  to  a  considerable 
sum. 

Mr.  Harold  E.  Bloor  .seconded  the 
vote.  He  had  been  mucli  struck  by  the 
change  in  the  attitude  of  manufacturers 
towards  illumination.  Only  compara- 
tively recently  it  had  been  assumed  that 
in  a  works  where  there  was  not  much 
overtime,  artificial  lighting  was  of  small 
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consequence.  But  manufacturers  were 
now  coming  to  regard  the  subject  in  a  very 
different  manner. 

The  Chairmax,  in  putting  the  vote 
to  the  meeting,  related  some  experiences 
with  incandescent  mantles,  and  described 
some  experiments  showing  how  many 
burners  were  highly  sensitive    to  sounds. 

Mr.  Fraxklix  Thorp  briefly  acknow- 
ledged the  vote  of  thanks. 

Mr.  F.  W.  GooDEXOUGH,  proposing  a 
vote  of  thanks  to  the  Chairman,  referred 
to  his  remarks  on  burners,  emphasising 
the  importance  to  the  public  of  buj-ing 
only  reliable  types.  The  tendency  toward 
supph^ng  goods  that  were  low-priced  but 
not  reall}'  cheap,  was  one  against  Avhich 
both  the  gas  and  electrical  industries  had 
to  contend. 

Mr.  J.  Abady,  seconding,  recalled  a 
case  of  an  inn  at  Stockport,  where  the 
mantle  could  be  extinguished  by  throwing 
a  shilling  on  the  counter  ;  curiously 
enough  no  other  coin  would  produce  this 
effect  ! 

The  vote  of  thanks  having  been  put 
to  the  meeting  and  carried  ■Rith  acclama- 
tion, the  proceedings  then  terminated. 

{The  Conference  of  Manufacturers  on 
October  29th  tooTc  place  too  late  for  the 
proceedings  to  he  included  in  this  issue  ; 
ive  propose  to  refer  to  them  in  our  next 
number . — Ed.] 

Popular  Lectures. 

A  word  or  two  may  be  said  regarding  the 
series  of  popular  lectures  which  took  place 
each  evening  throughout  the  month  in 
the  Conference  Hall  of  the  Exhibition. 
Most  of  these  were  illustrated  by  demon- 
strations and  lantern  slides  and  attracted 
excellent   audiences. 

Professor  Vivian  Lewes,  in  his  series  of 
lectures  on  "  The  Evolution  of  Gas 
Lighting  and  Heating,"  dealt  with  the 
historical  side  of  the  subject  in  his 
inimitable  manner.  Other  lectures  by 
Mr.  H.  O'Connor  on  '"  The  Contents  of  a 
Lump  of  Coal  "  and  "  From  the  Coalfield 
to  the  Burner  "  also  served  to  give  the 
visitors  an  insight  into  the  ramifications 
of  the  processes  involved  in  the  prepara- 
tion of  gas.  Mr.  A.  J.  Martin,  on  '"  Har- 
nessing the  Forces  of  Nature  for  the 
Service  of  Man,"  gave  a  vivid  idea  of  the 
loss  of  energy  and  material  in  our  present 


methods,  and  discussed  in  some  detail  the 
heating  of  buildings  by  gas;  an  interesting 
suggestion  was  that  the  British  Com- 
mercial Gas  Association  should  build  or 
equip  a  house  or  block  of  flats,  so  as  to 
show  completely  how  gas  should  be  used 
for  cooking,  heating  and  lighting. 

Other  lectures  by  Mr.  Miller  Christy 
and  Mr.  Edward  Lovett  contained  an 
interesting  account  of  primitive  methods 
of  making  fire,  and  the  earliest  methods 
of  producing  light ;  in  the  course  of  these 
lectures  reference  was  made  to  the  series 
of  exhibits  bearing  on  these  subjects  on 
show  in  the  Exhibition. 

Among  lectures  dealing  with  illumina- 
tion we  may  note  those  of  Mr.  W.  H.  Y, 
Webber  on  the  "  Use  of  Gas  in  Factories 
for  Lighting  and  Heating,"  and  Mr.  Leon 


Mrs.  Cloudesley  Brereton. 

Cliairiiian  oi  the  Editorial  Committee. 

Gaster  on  "  The  Use. and  Abuse  of  Light." 
In  the  course  of  his  lecture  Mr.  Gaster 
showed  a  great  variety  of  sHdes  illustra- 
ting good  and  bad  methods  of  lighting. 
A  special  point  was  that  the  public 
judgment  of  an  illuminant  is  much 
affected  by  the  way  it  is  used,  and  that 
it  is  therefore  to  the  interests  of  ga  s 
companies  to  educate  the  public  to  use 
birrners  and  mantles  under  the  best 
conditions ;  and  to  avoid  examples  of 
the  misuse  of  light. 
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A  view  of  the  Kntrauce  to  the  National  Gas  Exhibition  (taken  at  night  time  by 
sirtificial  light.)  The  outside  of  the  building  was  illuminated  by  a  series  of  Keith  high -pressure 
lights  with  silica  cup,  and  above  the  entrance  was  an  illuminated  sign  bearing  the  ^\•ords 
"  National  Gas  Exhibition." 
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Editorial  Arrangements. 

In  conclusion  a  reference  may  be  made 
to  the  excellent  manner  in  which  the 
editing  committee  did  its  work,  and  in 
particular  to  the  hard-working  chairman 
of  the  Editorial  Committee,  Mrs.  Cloudes- 
ley  Brereton,  whose  portrait  is  reproduced 
above.     The  fact  of  the  papers  presented 


at  the  Conferences  being  printed  before- 
hand was  a  distinct  advantage  ;  and  the 
catalogue  of  the  exhibition  was  a  model 
of  what  such  things  should  be;  and 
the  wide  attention  given  to  the  pro- 
ceedings in  the  Press  is  convincing 
testimony  to  the  organisation  of  t)ie 
editins;  committee. 


AN  ACCOUNT  OF   THE  LIGHTING  ARRANGEMENTS  AT  THE  EXHIBITK  N. 


The  Exhibition  was  primarily  organised 
to  show  the  great  diversitv  in  the  uses 
and  application  for  gas  for  heating, 
power,  lighting,  &c.,  but  many  of  these 
applications  have  been  fully  described 
in  other  journals,  and  we  propose  merely 
to  say  a  few  words  about  the  exhibits 
connected  with  illumination,  and  the 
general   lighting   of   the    Exhibition. 

The  most  striking  thing  was  the 
grouping  of  the  exhibits.  Instead  of 
there  being  a  number  of  stalls  by  different 
exhibitors,  showing  the  same  kind  of 
goods  over  and  over  again,  all  the 
exhibits  of  one  kind  were  grouped 
together  :  and  there  were  a  large  number 
of  joint  displays  showing  the  lighting 
of  various  kinds  of  rooms,  to  which 
quite   a   number  of  firms  contributed. 

This  arrangement  is  naturally  one  to 
commend    itself   to    the    general    public. 

The  fir.st  thing  the  visitor  noticed 
was,  of  course,  the  arrangements  at  the 
main  entrance.  A  special  feature  here 
is  the  use  of  over  two  dozen  of  the  new 
1.50(!-c.p.  Keith  high-pressure  lamps 
fitted  with  silica  cups  round  the  mantles. 
The  general  appearance  will  be  imder- 
stood  from  the  general  view  shown 
on  p.  536.  A  cluster  of  the  lamps  is 
nrranged  on  either  side  of  the  entrance. 
There  are  also  others  inside  the  towers, 
which  stroniily  ilhiminate  the  white 
wnlls  behind  them. 

In  addition  the  front  bears  an 
ilhiminated  sign,  displaying  the  words 
"  National  Gas  Exhibition  ''  in  black 
letters  on  a  red  ground  so  as  to  be  clearlv 
visible  in  the  daytime  ;  after  dusk  the 
letters  were  lighted  up  by  a  number  of 
gas-jets,  but  this  effect  was  rather 
overshadowed     by    the     brillinnt    himps 


near  by.  Along  the  hoarding  on  the 
left  of  the  entrance  a  number  of  Ph;  ros- 
Welsbach  4.00()-c.p.  high-pressure  h  mp.s 
were  in  use. 

The  Extraxce  Hall. 

The  chief  feature  in  the  entrance  hall 
is  the  series  of  special  Sugg  fittings, 
which  are  shown  in  Fig.  1.  These 
utilise  a  cluster  of  burners  inside  etched 
glass  frames  jH'oducing  a  restful  and 
highly  novel  effect. 

Passing  through  the  turnstiles  we 
come  to  the  Industrial  Hall,  the  general 
lighting  of  which  is  provided  by  a  series 
of  600-c.p.  high-pressure  lamps  down 
the  gangwavs  (Sugg  lamps  on  the  right, 
and  Tilley"  lamps  on  the  left).  The 
exhibits  in  this  hall  were  well  designed 
to  show  the  diversity  of  gas  applications. 
Printing  was  being  done  vmder  gas  light  ; 
meter  making  and  testing,  mantle  making 
and  laundry  work,  were  all  shown  in 
actual  operation.  A  special  exhibit  was 
a  training  shop  for  gas  litter  apprentices  \ 
here,  too.  work  was  busily  in  progress. 

Illumixateu  Signs. 

Passing  onward  we  come  to  a  display 
of  illuminated  gas  signs,  some  lighted 
by  transparency  methods,  others  illu- 
minated in  an  ingenious  manner  by 
concealed  lights  in  the  front  ;  some  of 
the  signs  were  of  the  flash  type,  being 
lighted  and  extinguished  at  regular 
intervals.  Such  signs  were  also  widely 
used  throughout  the  exhibition  over  the 
entrances  to  the  various  sections,  enabling 
the  visitor  to  know  exactlv  his  where- 
abouts. 

AVe  come  next  to  an  arcade  of  shops 
brilliantlv     liahted     externallv     and    in- 
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Fig.  I. — A  vii-w  df  tlie  Hnri-aiu-e  to  tlu-  Kxliiliiiimi  I  lookiiiu'  inwards  ilir  t  iirii8tiU-s)  ;     .slmwiiit 
large  jn'iidaiit  Sucfg  fittings,  CMi-i-yiug  .")0()-t-.|i.  lights  within   dift'iisiiig  glass  shaiU-s. 

{Natwal   Pliofcuiniph   tahcn    /.;/    Arlitirinl   Li.ihl.) 
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ternally,  and  pass  the  stall  of  the  British 
Oommercial  Gas  Association,  where  a 
number  of  photographs  and  illustrations 
of  the  Association's  work  were  on  view. 

A  specially  interesting  exhibit  near  here 
was  the  collection  of  ancient  lamps  and 
iire-making  appliances.  The  history  of 
fire-making  was  illustrated  by  a  series 
of  models  and  photographs  lent  by  Mr. 
Edward  Bidwell.  Mr.  Edward  Lovett 
showed  a  variety  of  primitive  lamps 
coming  from  many  different  parts  of  the 


in  which  the  lighting  of  a  complete 
series  of  rooms,  from  the  bedroom  to  the 
greenhouse,  was  displayed. 

Model  Lighting  Installations. 
The  passages  leading  on  from  this 
section  were  lighted  by  semi-indirect 
fittings  and  were  also  devoted  to  model 
installations  in  various  types  of  rooms. 
For  example,  a  series  of  rooms  in  a  town 
house  or  flat,  decorated  in  various 
stvles,   were   shown,  and   billiard  rooms. 


Fir; 


Phot, J.  h;i  .1.  11.  Ai-frii  4-  Co. 
A  Model  .SliuUo.      General  lights  by  central  sliaded  unit,  movable  standards  carrying 
mantle  in  f()cusin<>-  reflector  for  local  illumination. 


world  and  illustrating  the  great  gulf 
between  these  old  methods  and  our 
modern  illuminants. 

This  arcade  opened  out  into  a  space 
airanged  to  represent  a  miniature  garden. 
In  the  centre  of  this  was  an  exhibit 
illustrating  the  application  of  sulphate 
of  ammonia  aiul  other  by-products 
to  the  fertilisation  of  crops.  In  the 
backgro\ind  was  a  model  country  house 


sitting  rooms,  and  bathrooms.  &c.. 
were  on  view. 

It  is  interesting  to  note  that  semi- 
indirect  lighting  was  very  widely  used 
at  the  exhibition,  and  this  comparatively 
new  method  for  gas  lighting  seeins  to  be 
coming  into  general  favour. 

Passing  beyond  the  bandstand  we 
come  to  a  model  tenement  in  which 
another   series   of  rooms   furnished   and 
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lighted  in  a  more  modest  style  were 
shown.  An  interesting  item  in  this  part 
of  the  Exhibition  is  the  studio,  the 
genera]  iUumination  of  which  is  provided 
by  indirect  units,  while  movable  standard 
lamps  having  mantles  concealed  in  opaque 
metal  reflectors,  can  be  used  to  concen- 
trate the  light  on  the  model  it  is  proposed 
to  sketch.  (See  Fig.  2.)  There  is  also 
a  newspaper  room  fitted  with  bracket- 
lights  for  reading  papers,  but  the  method 
of  illumination  in  this  case  was  hardly 
so  happy  as  in  other  installations,  the 
lights  being  imperfectly  screened  and 
clearly  visible  to  readers. 


was  divided  into  three  .sections,  devoted 
respectively  to  a  gas-works  laboratory, 
a  public  testing  station,  and  a  section 
given  up  to  general  photometry,  in  which 
lamps  up  to  several  thousand  c.p. 
could  be  tested.  The  chief  object  of 
interest  in  this  room  was  the  travelling 
photometric  bench  and  rotating  mirror 
arrangement  for  obtaining  polar  curve.* 
of  light  distribution,  which  was  shown 
in  operation.  Thd  adjustable  mirror 
enables  the  light  emitted  at  various 
angles  to  be  determined  in  succession, 
the  photometer  used  being  of  the  flicker 
type.     This    exhibit    did    not,    however. 


FiCt.  3  — A  Nijrht  Nnrserv.     Central  indii-oct  fittinjjs  .and  liifhts  above  each  bed. 


In  Fig.  3  a  view  is  shown  of  a  night 
nursery  illuminated  by  a  central  semi- 
indirect  fitting,  with  lamps  above  each 
bed. 

Photometric  Exinnrr. 

In  the  engineering  and  miscellaneous 
hall  there  were  a  great  many  exhibits  of 
stoves  and  heating  appliances  in  the  centre 
of  the  hall.  One  of  the  chief  items 
was  a  photonieter  room  fitted  up  by 
Alexander    Wright     &    Co.     This    room 


contain  oidy  photometric  appliances, 
but  also  contained  a  collection  of 
appliances  for  measuring  and  analysing 
gas,  calorimeters  and  various  instruments 
of  the  recording  type.  Mention  should 
also  be  made  of  the  meter-testing  exhibit 
of  the  Liverpool  United  Gaslight  Co. 
There  were  also  a  number  of  interesting 
historical  exhibits,  including  copies  of 
original  agreements,  and  cartoons  and 
cuttings  froni  newspapers  of  a  century 
ago  dealing  with  the  introduction  of  gas. 
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111  Fig.  4  is  seen  a  view  of  the  series 
of  booths  fitted  up  with  wallpapers  of 
different  hues  with  the  object  of  demons- 
tiating  to  the  public  the  amount  of  light 
reflected  from  the  walls.  The  curtains 
could  be  drawn  excluding  all  light  from 
outside. 

LlGHTIXG    OF    A    MODEL    SCHOOLROOM. 

Passing  a  little  further  on  we  come 
to  another  exhibit  in  which  illumination 
played  an  important  part,  namely,  the 
model  schoolroom  which  is  shown  in 
Fig.  5.  This  had  approximately  the 
dimensions    of    an    average    schoolroom 


various  conferences  to  this  matter,  the 
exhibit  attracted  much  interest. 

Next  door  was  a  display  of  chm'ch 
lighting  appliances.  (See  Fig.  6.)  Some 
of  these  showed  the  adaptation  of  shades 
and  mantles  to  antique  iron  fittings. 
Special  interest  attaches  to  the  semi- 
indirect  type  seen  in  the  illustration. 
There  were  also  examples  of  pulpit 
lighting,  and  the  arrangement  of  local 
lights  on  reading  desks. 

Among  other  exhibits  in  this  hall  maA- 
be  mentioned  a  series  of  business  offices 
lighted  mainly  by  Sugg  ventilating 
lamps.     Another  demonstration  took  the 


Fig.  4. — Bootli.s  illu.sirating;  reflec-tiiig  power  of  wallpaper.s  of  varioas  colours. 


and  was  fitted  up  with  desks,  blackboard, 
&c..  but  the  fittings  were  selected  with 
a  view  to  .showing  various  methods  of 
treating  the  room.  For  example,  the 
front  part  of  the  room  was  lighted  by 
two  units  using  an  appropriate  frosted 
globe  and  opal  reflector,  while  the  back 
portion  was  illuminated  by  semi-indirect 
units.  As  shown  in  the  picture  there 
is  also  a  special  unit  for  local  illumination 
of  the  blackboard.  Owing  to  the  recently 
issued  report  of  the  Illuminating 
Engineering  Society  on  School  Lighting. 
<ind  the  freciuent  refeiences  made  in  the 


form  of  a  hotel  kitchen,  where  modern 
methods  of  lighting  and  cooking  with 
gas  were  illustrated.  Cookery  demon- 
strations and  competitions  were  also 
organised  daily,  in  a  special  room 
adjacent  to  the  main  restaurant. 

The  lighting  of  the  cafe  and  tea  room 
was  carried  out  by  chandeliers  equipped 
with  mantles  in  pink  silk  shades.  A 
somewhat  similar  arrangement  was  used 
in  the  banqueting  hall,  but  the  illumina- 
tion was  decidedly  more  brilliant.  In  the 
rest  room  the  idea  of  subdued  lighting 
was  also   exemplified,  lamps  screened  in 
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Fig.  5.  — Model  Sclioolroom,  showino:  general  lighting  hy  senii-iiidirect  aud  shaded 
direct  burners,  with  local  light  over  blackbo;ird. 


Fig.  t). — Illustrating  adaptation  of  gas  to  church  lighting,  fittings,  pulpit  lighting,  &i 
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red  silk  shades  beiua:  used.  In  the 
lecture  theatre  the  iUuniinatiou  was 
provided  by  a  series  of  five  •28-light 
Nonpareil  ventilating  sun-burners,  as 
well  as  various  brackets  on  the  walls  of 
the  room.  A  measiu'ement  in  the  course 
of  the  evening  showed  that  the 
illumination  on  the  seats  was  about 
2*5  foot-candles. 

Finally  we  have  reproduced  in  Fig.  7 
a   view  of  the   series   of  street   lighting 


the  lOO-cj).  low-pressure  tvpe  up  to 
units  of  several  thousand  c.p.  of  the 
high-pressure  type,  fitted  with  automatic 
distance  lighters. 

Systems  of  distance-control  formed 
a  special  featiu-e.  Various  modern 
pressure-water  systems  were  shown  in 
operation,  and  electrical  methods  applied 
to  the  smaller  units. 

It    will    be    seen,    therefore,    that    the 


Photo,  by  J.  H.  Avery  Jjf  Co. 

Fro.  7.— A  view  of  the  Strect-liorhting  Section,  taken  entirelj'  by  artificial  light. 


exhibits,  adjacent  to  the  banqueting 
hall.  In  the  centre  of  the  room  were 
two  high-pressure  Keith  centrally  sus- 
pended lamps,  with  the  new  silica  cups, 
and  equipped  with  raising  and  lowering 
gear  similar  to  that  used  in  the  Citv  of 
London.  Along  the  hall  were  a  number 
of  lamps  by  various  firms  ranging  from 


Exhibition  served  to  show  the  great 
variety  of  lighting  methods  now  available. 
The  photographs  illustrating  this  article 
were  taken  specially  for  the  Illumixa- 
TiNG  ExGiXEER  with  the  exception  of  Figs. 
2  and  7  which  are  reproduced  from  views 
taken  by  Messrs.  J.  H.  Avery  &  Co.,  the 
official  photographers  to  the  Exhibition. 
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SOME   CONSIDERATIONS   ON  THE   BRIGHTNESSES 

OF    LIGHTS. 

By  Professor  Silvanus  P.  Thompsox,  D.Sc,  F.R.S. 

(Abstract  of  Paper  Presented  at  the  Conference  of  Educationalists  at  the 
National  Gas  Congress  and  Exhibition  on  October  11th,  1913.) 


In  spite  of  all  the  efforts  of  the  men  who 
have  been  studying  and  proclaiming  the 
laws  of  illumination,  there  is  a  vast  amount 
of  ignorance  still  to  be  cleared  away  on 
the  subject  of  good  lighting.  The  obser- 
vations now  offered  deal  only  with  arti- 
ficial lighting,  not  with  daylight.  They 
are  not  confined  to  any  one  illuminating 
agent,  but  deal  with  the  subject  broadly  ; 
since  the  laws  of  photometry  are  equally 
applicable  to  lighting  by  candles,  oil,  gas, 
electricity,  or  acetylene. 

It  is  usual  to  express  the  intensity  of 
any  source  of  light  in  terms  of  "  candle- 
power  " — that  is  to  say,  by  stating  the 
number  of  standard  candles  that  would 
have  to  be  used  to  replace  the  source  in 
question,  if  a  light  of  equal  intensity  were 
to  be  produced  at  the  place  where  the 
source  is  situated.  This  would  in  many 
cases  be  physically  impossible  :  for 
instance,  if  an  incandescent  gas  mantle  is 
glowing  with  an  intensity  of  300  candle- 
power,  it  would  be  manifestly  impossible 
to  pack  300  standard  candles  together  so 
that  their  flames  should  all  be  concen- 
trated into  the  same  space  as  that 
occupied  by  the  mantle.  When  we 
describe  such  a  source  as  of  300  candle- 
power  all  we  mean  is  that  its  intensity  is 
300  times  as  great,  or  that  it  gives  out 
300  times  as  much  light,  as  a  single 
standard  candle  would  do. 

The  bare  statement  of  the  candle- 
power  of  a  source  gives,  however,  no 
information  upon  another  matter,  viz., 
as  to  the  illumination  which  the  source 
produces  upon  a  given  surface  such  as  a 
writing  table  or  a  wall.  That  illumin- 
ation depends  upon  the  distance  of  the 
source  as  well  as  upon  its  intensity.  If 
the  source  be  itself  of  small  dimensions, 


as  compared  with  its  distance  from  the 
surface,  the  numerical  value  of  the 
illumination  received  by  the  surface  may 
be  calculated  by  dividing  the  numerical 
intensity  of  the  source  by  the  square  of 
the  number  of  feet  that  the  source  is 
distant  from  the  surface  (here  assumed  to 
be  orthog  )nally  normal  to  the  direction  of 
the  light).  The  unit  of  illumination  is 
therefore  that  amount  of  illumination 
afforded  by  one  standard  candle  at  a 
distance  of  one  foot ;  and  is  commonly 
called  one  candle-joot  (or  sometimes  one 
foot-candle).  As  an  example  of  the 
calculation  of  illumination,  we  may  give 
the  case  of  a  surface  illuminated  bv  a 
source  of  100  candle-power  set  5  feet 
away.  Dividing  100  by  5  times  5,  we 
get  as  the  answer  that  the  illumination 
received  is  of  the  value  of  4  candle-feet  ; 
or  4  times  as  high  an  illumination  that 
would  be  produced  by  1  candle  1  foot 
away.  Special  instruments,  known  as 
Illumination  photometers  (or  Lumeters)  are 
used  to  measure  directly  the  illumination 
received  at  any  surface. 

Too  great  emphasis  cannot  be  thrown 
upon  the  practical  importance  of  being  able 
to  ascertain  (whether  directly  by  measure- 
ment with  such  instruments,  or  indirectly 
by  calculation)  the  actual  illuminations 
produced  in  various  places.  In  a  school, 
for  example,  the  one  thing  that  is  most 
important  to  know  is  whether  there  is 
sufficient  illumination  afforded  at  the 
places  where  the  scholars  read  and  write, 
and  at  the  place  where  the  teacher  writes 
on  the  blackboard.  All  the  rest,  the 
particular  candle-powers  of  the  sources, 
and  whether  thoy  are  electric  or  gaseous, 
is  of  as  little  imi)ortance  as  is  the  question 
whether  the  teacher  travelled  to  school 
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at  forty  miles  an  hour  by  train,  or  rode 
at  eight  miles  an  hour  in  an  omnibus. 
In  public  streets  and  squares  likewise,  the 
real  question  for  town  councillors,  for 
members  of  lighting  committees,  and  for 
borough  surveyors,  as  well  as  for  the 
public,  is  this  :  do  the  roads  and  pave- 
ments receive  an  adequate  illumination. 
If  they  do,  it  matters  not  in  the  least, 
save  as  to  the  economic  arrangement 
(which  is  a  question  of  pure  engineering), 
what  the  candle-power  of  the  lamps  may 
be,  or  what  the  nature  of  the  illuminant. 
If  the  desired  result — adequate  illumina- 
tion— is  obtained,  the  consideration  of 
the  means  whereby  it  has  been  obtained 
is  a  secondary  question.  Due  illumina- 
tion is  an  end  to  be  attained  :  candle- 
power  is  a  means  of  obtaining  it.  Whether 
that  due  illumination  is  better  attained 
by  a  few  lamps  of  great  candle-power  or 
by  a  larger  number  of  lesser  candle-power, 
depends  on  the  particular  circumstances 
of  the  case. 

But  there  is  another  point  in  respect  of 
which  the  mere  statement  of  the  candle- 
power  of  a  source  gives  no  information  : 
viz.,  the  question  of  its  intrinsic  brightness, 
or  luminosity.  Suppose  two  lamps  to  be 
of  equal  candle-power — say  a  10-candle 
electric  fairy  lamp,  and  the  other  an  old 
fiat  batswing  gas  burner  giving  a  10- 
candle  light.  Viewed  from  a  distance  of 
four  or  five  yards  one  appears  a  brilliant 
point  of  light,  the  other  an  object  of 
appreciable  size  much  less  brilliant  in 
itself.  One  will  seem  to  cut  the  eyes 
much  more  than  the  other,  though  both 
produce  equal  illumination  at  the  same 
distance.  They  will  not  seem  equally 
bright  or  brilliant-  The  reason  is  that  the 
images  these  lamps  produce  (at  the  same 
distance)  on  the  retina  of  the  eye  are  not 
of  the  same  size.  The  image  of  the 
smaller  lamp  is  correspondingly  smaller 
than  the  image  of  the  larger  flame  ;  and 
as  equal  amounts  of  actual  light  are 
received  in  the  two  images,  one  will  be 
more  concentrated  than  the  other,  and 
the  nerve  structures  of  the  retina  will  be 
differently  stimulated.  There  will  be  a 
strong  stimulation  by  one  lamp  over  a 
small  patch  of  the  retina,  and  a  weaker 
stimulation  by  the  other  source  over  a 
larger  patch  of  the  retina.  The  eye,  in 
fact,  is  physiologically  disabled  from  being 
able    to    equate    together    two    equally 


powerful  lights  if  the  concentration  of 
their  respective  intrinsic  luminosities  is 
different.  At  the  best  the  human  eye  is 
a  very  bad  photometer.  Its  automatic 
adjustment  which  closes  the  pupil  in 
presence  of  a  flood  of  light,  and  opens  it 
in  twilight^ — a  most  invaluable  provision 
of  nature — works  against  it  as  a  measuring 
instrument.  And  Fechner's  law  of 
psycho-physiology,  concerning  the  nume- 
rical relation  between  a  stimulus  and  its 
resultant  sensation,  shows,  once  and  for 
all,  the  impossibility  of  setting  up  the 
eye  as  a  judge  of  photometric  values. 
The  one  and  only  thing  that  the  eye  can 
do  in  this  regard — and  it  is  the  principle 
of  every  photometer — is  to  draw  a  judg- 
ment as  to  the  equality  or  non-equality 
of  the  illuminations  on  two  adjacent 
patches  of  space  in  the  field  of  \nsion. 

This  question  of  the  intrinsic  luminosity 
or  brightness  of  lights  has  scarcely 
received  the  amount  of  attention  it 
deserves.  It  is  this  which  makes  a 
naked  or  unobscured  electric  glow-lamp 
so  unendurable  to  the  gaze.  It  is  this 
which  leads  people  to  put  semi-opaque 
globes  or  shades  round  lamps  to  "  dijjn-ie  " 
the  light — that  is  to  make  it  seem  to 
emanate  as  it  were  from  a  larger  object  ; 
since  if  thus  diffused  or  spaced  out.  it  no 
longer  cuts  the  eyes,  the  retinal  image 
being  larger  and  less  concentrated.  Rut 
opal  globes  and  ground  glass  shades — to 
say  nothing  of  devices  of  paper  or  silk — - 
waste  an  unconscionable  percentage  of 
the  light.  Modern  dioptric  globes  are  far 
less  wasteful  :  they  enlarge  the  visible 
outline  of  the  source,  but  with  a  minimum 
waste  by  absorption.  The  intrinsic 
brightness  of  different  kinds  of  luminous 
sources  is  expressed  scientifically  in  terms 
of  candle-power  emitted  per  square  inch 
of  area.  The  flame  of  a  standard  candle 
presents  0*4  of  a  square  inch  of  apparent 
surface  ;  hence  its  intrinsic  brilHancy 
is  about  2'5  candles  per  square  inch. 
The  following  are  some  values  for  the 
intrinsic  brilliancies  of  some  sources  : — 
Candle        ..  ..  2*5 

Argand  Gas  Flame  8'6 

Incandescent  Gas  Mantle  80 — 250 
Carbon  Filament  50—200 

Tungsten  Filament  700—900 

Electric  Arc  Crater  1,030 

The  higher  the  intrinsic  brilliancy,  the 
more   unendurable   is   the   brightness   of 
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any  source.  We  know  how  blinding — 
how  dangerous,  in  fact — it  is  to  look 
directly  at  the  sun.  It  appears  to  us  as 
a  round  disc  of  the  same  apparent  size  as  a 
threepenny-piece  held  at  arm's  length, 
glowing  with  a  light  estimated  at  200,000 
candles  concentrated  in  that  small  circle. 
But  if  we  could  diffuse  it  out  to  forty 
times  its  apparent  diameter,  and  thus 
spread  its  light  over  an  apparent  area 
sixteen  hundred  times  as  great,  its 
apparent  brightness  would  come  down 
to  only  125  candles  per  square  inch. 
The  bedazzlement  of  the  eye  by  lights 
which  are  highly  concentrated  is  a  very 
undesirable  result.  It  reduces  the  power 
of  the  eye  to  see  clearly  other  objects  that 
may  be  within  the  same  field  of  view. 
There  are  a  number  of  kindred  phenomena 
which  result  in  interference  with  perfect 
or  comfortable  vision.  A  light  that  is 
too  bright,  whether  concentrated  or  not, 
dazzles  the  eyes  and  causes  discomfort 
in  vision.  Very  smooth  paper  acts 
partly  as  a  mirror,  and  reflects  too  much 
light  at  particular  angles,  interfering 
with  the  ability  to  see  what  is  printed  or 
written  on  it.  Engineers  give  the  generic 
name  of  glare  to  all  these  effects,  and 
strive  to  avoid  all  causes  of  glare  in  their 
attempts  to  attain  good  lighting. 

Another  phenomenon  which  affects 
ease  of  vision  is  that  of  irradiation. 
In  consequence  of  the  imperfections  of 
the  lenses  of  the  human  eye,  a  bright 
point  is  never  perfectly  focused  on  the 
retina  as  a  point,  but  its  image  is  a  more 
or  less  blurred  patch.  A  bright  line  is 
never  focused  as  a  line  of  the  proper 
width,  but  is  always  seen  broader  than  it 
ought  to  be.  A  bright  defined  area, 
such  as  a  white  circle  or  a  white  square 
on  a  black  background  appears  to  be  of 
larger  size  than  it  is,  owing  to  this  defect 
of  focusing,  which  makes  the  bright 
surface  appear  to  encroach  on  its  back- 
ground. The  converse  happens  with 
black  dots,  black  lines,  and  black  areas 
on  white  grounds.  Black  lines  on  white 
grounds  always  appear  thinner  than  they 
really  are  :  the  light  encroaches  on  the 
dark.  This  is  the  justification  for  using 
white  chalk  on  blackboards  instead  of 
employing  charcoal  on  whitened  boards. 
The  phenomenon  of  irradiation  also  affects 
printed  type.  Types  designed  with  thin 
vertical  strokes  are  less  legible  than  those 


with  thicker,  since  they  are  printed  in  black 
on  white.  The  reverse  would  be  the  case 
if  things  were  printed  in  white  on  black. 
The  makers  of  public  advertising  plaques 
and  of  illuminated  signs  know  this,  as 
shown  by  their  preference  for  white  or 
pale  yellow  lettering  on  black  or  dark 
blue  grounds,  and  for  designs  of  letters 
in  which  thin  vertical  lines  are  not 
used.  The  relative  invisibility  of  thin 
black  lines  on  white  grounds  is  enhanced 
if  the  white  background  is  very 
bright.  This  is  one  reason  why  printed 
matter  on  a  shiny  paper  is  so  bad  to 
read. 

The  good  lighting  of  a  room  depends 
not  only  on  the  disposition  of  the  lights 
so  as  to  produce  an  adequate  illumination, 
and  on  the  proper  shielding  of  the  lamps 
so  as  to  avoid  needless  glare,  but  on  the 
nature  of  the  wall-surface  on  which  the 
light  falls.  Even  when  the  illumination 
that  is  received  by  the  walls  is  ample,  the 
room  may  be  badly  lit,  if  the  walls  absorb 
too  much  of  that  illumination  instead  of 
giving  it  back  by  diffuse  reflection.  Few 
people  are  aware,  what  illuminating 
engineers  know,  how  much  light  is  thus 
wasted  and  thrown  away.  White  car- 
tridge paper  absorbs  and  wastes  about 
20  per  cent,  of  the  light ;  a  white-washed 
wall  absorbs  from  30  to  40  per  cent.  ;  an 
ordinary  yellow  or  buff  wall-paper  usually 
wastes  50  to  60  per  cent.  ;  the  deep  scarlet 
and  crimson  wall-papers  now  fashionable 
for  dining  rooms  waste  from  70  to  75  per 
cent.  ;  brown  paper  wastes  about  85  to  88 
per  cent.  Clearly,  for  economy  in  arti- 
ficial lighting,  and  for  comfort  in  the 
daylight  lighting  of  large  rooms,  the 
ceilings  should  be  invariably  white,  and 
the  walls,  if  not  white,  should  be  of  the 
palest  tints. 

During  the  last  two  years  the  Illuminat- 
ing Engineering  Society  has  had  valuable 
reports  prepared  for  it  by  three  special 
Committees  ;  one  on  Street  Lighting,  one 
on  Library  Lighting,  a  third  on  School 
Lighting.  I  will  speak  only  of  the  last. 
They  recommend  that  for  ordinary  work 
in  reading  and  writing  the  minimum 
illumination  at  any  desk  should  not  be 
less  than  2  candle-feet :  some  members  of 
the  committee  favouring  a  minimum  of 
2|  candle-feet.  For  special  work,  such  as 
drawing,  stitching,  and  the  like,  the  mini- 
mum recommended  is  4  foot-candles.   For 
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blackboard  illumination  2  candle-feet 
is  admitted  to  be  sufficient  only  for 
small  class-rooms  where  the  students  are 
within  20  feet.  The  lamps  for  lighting 
the  blackboard  should  be  screened  from 
the  eyes  to  prevent  glare.  The  Com- 
mittee lays  some  stress  on  the  use  in 
general  of  shades  or  globes  which  diffuse 
the  apparent  brightness  of  the  source 
over  a  considerable  area  so  as  to  reduce 
what  I  have  called  the  bedazzlement 
caused  by  lights  that  are  too  concentrated. 
It   goes  without  saying  that  the   Com- 


mittee favours  the  use  of  indirect  lighting 
in  v/hich  the  rays  of  the  lamps  are  inter- 
cepted and  thrown  upon  ceiling  or  walls 
only,  so  that  a  soft  diffused  light  alone 
reaches  the  eye.  The  disadvantage  of  this 
method  is  that  it  is  almost  shadowless. 
For  reading  and  writing  this  is  good  ;  but 
the  visibility  of  solid  objects  and  raised 
surfaces  greatly  depends  on  the  presence 
of  shadows,  and  for  such  a  direct  illumina- 
tion is  preferable.  All  school  managers  and 
school  architects  would  do  well  to  study 
the  recommendations  of  this  Committee. 


THE  SCHOOL  OF   THE   FUTURE:     ITS  LIGHTING,  HEATING, 

AND  VENTILATION. 

By  Septimus  Warwick,  F.R.I.B.A.,  and  Austen  Hall,  F.R.I.B.A. 

(Paper  read  at  the  Conference  of  Educationists  at  the  National  Gas 
Congress  and  Exhibition  on  Saturday,  October  11th,  1913.) 


In  this  paper  the  authors  have  much  to 
say  on  the  subject  of  heating  and  ventila- 
tion, but  the  section  of  the  paper  of  chief 
interest  to  us  is  naturally  that  dealing 
with  illumination. 

The  authors  deal  with  artificial 
lighting  mainly  by  reproducing  in  extenso 
the  Interim  Report  of  the  Joint  Com- 
mittee appointed  by  the  Illuminating 
Engineering  Society  to  discuss  this 
subject.  Some  of  their  remarks  and 
suggestions  should  be  taken  to  heart  by 
architects.  For  example,  it  is  pointed 
out  that  the  lighting  of  any  building  is 
intimately  associated  with  its  construc- 
tion : — 

Here,  as  elsewhere,  prevention  is  better 
than  cure.  It  is  a  very  expensive  matter 
to  remedy  blunders  concerning  illumina- 
tion, heating,  and  ventilation  after  a 
school  has  been  bviilt  and  fitted  up.  This 
is  especially  trvie  in  regard  to  daylight 
illumination,  it  may  be  noted  ;  for  one 
cannot  easily  take  a  building  up  and  turn 
it  round  so  as  to  vitilise  the  simlight  to 
better  advantage.  We  are  all,  in  these 
days,  paying  increasing  attention  to  pre- 
ventive luedicine.  Let  us  also  give  close 
attention  to  preventive  hygiene  and 
preventive    conamon    sense. 

In  these  matters  there  is  obvious  neces- 
sity for  close  co-operation  between  the 
architects  who  have  to  plan  the  build- 


ings, the  medical  officers  who  are  respon- 
sible for  the  health  of  those  who  will  have 
to  occupy  them,  and  the  comjiiittees  and 
teachers  who  are  responsible  for  the 
success  of  the  work  carried  on  therein, 
using  the  word  success  in  its  broadest  and 
truest  meaning. 

The  old  idea  that  the  architect's  busi- 
ness was  to  plan  buildings  without  refer- 
ence to  those  who  had  afterwards  to  live 
in  them  should  be,  if  it  is  not,  qtiite 
exploded. 

There  is  another  body  with  which  the 
architect  is  now  able  to  consult  in  these 
and  similar  matters,  and  that  is  the  Illu- 
minating Engineering  Society,  which 
promises  to  be  a  most  useful  consultative 
body,  and  is  doing  valuable  work  in 
calling  attention  to  the  greater  need  for 
the  application  of  scientific  principles  to 
the  illumination  of  our  homes,  schools, 
factories,  and  other  premises. 

In  commenting  on  the  recommenda- 
tions of  the  Committee  the  authors  regard 
semi-indirect  methods  of  lighting  to  those 
of  an  entirely  indirect  character.  An 
important  point  to  be  noted  is  the  need 
for  proper  maintenance  in  schools,  other- 
wise the  lights  are  apt  to  get  into  a  bad 
condition.  The  facilities  in  this  direction 
provided  by  modern  gas  companies  for 
maintenance  should  therefore  not  be 
overlooked. 
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THE  PHYSIOLOGICAL  AND  MENTAL  DISADVANTAGES 
OF   UNSCIENTIFIC   ILLUMINATION. 

Some  Conditions  to  be  observed  in  the  Lighting  of  Schools, 

By  Leox  Gaster 
(Hon.  Sec.  of  the  Illuminating  Engineering  Society). 

(Abstract  of  paper  presented  at  the  Conference  of  Educationalists  at  the 
National  Gas  Congress  and  Exhibition  on  October  Uth,  1913.) 


From  the  earliest  days  light  has  been 
recognised  to  exercise  an  important  in- 
fluence on  social  conditions,  fostering 
culture  and  mental  development  by 
enabling  labour  and  recreation  to  be  pro- 
longed in  the  evening  hours  when  day- 
light is  gone.  We  find  a  direct  connec- 
tion between  lighting  conditions  and  the 
health  and  spirits  of  people.  In  a  good 
light  they  work  more  willingly,  but  are 
readily  depressed  by  gloomy  sombre  con- 
ditions. 

Good  lightincf  is  of  vital  importance  to 
the  adult  in  his  daily  occupation,  but 
still  more  so  to  the  child  at  school,  or 
even  in  the  nursery.  It  is  therefore  the 
duty  of  the  parents  to  see  that  any 
reading  or  fine  work  undertaken  by 
the  children  is  not  done  in  gloomy  ill- 
lighted  corners  of  the  room.  But  while 
reading  at  home  is  optional,  study 
at  school  is  compulsory.  How  much 
greater,  therefore,  is  the  responsibility  of 
school  authorities  to  see  that  the  school  - 
rooms  are  well  lighted  !  Medical  autho- 
rities tell  us  that  a  progressive  deteriora- 
tion in  eyesight  occurs  during  school  life. 
We  can  readily  understand  why  this 
should  be  the  case.  For  a  child  working 
by  insufficient  light  instinctively  tries  to 
bring  the  book  nearer  to  his  eye,  or  bends 
so  as  to  bring  his  eyes  nearer  the  work. 
This  constant  close  vision  is  believed  to 
be  one  of  the  main  causes  of  short  sight. 
Moreover,  the  habit  of  assuming  a  stoop- 
ing attitude  is  bad  for  the  figure  of  the 
child.     Children    are    sometimes    blamed 


for  such  habits.  But  are  we  suie  that 
the  blame  should  not  rest  on  his  elders, 
for  allowing  bad  conditions  of  illumina- 
tion to  exist,  and  so  paving  the  way  for 
the  stooping  habit  ? 

Dr.  James  Kerr,  Medical  Officer  to  the 
London  County  Council,  has  also  pointed 
out  that  light  coming  from  the  wrong 
direction  and  casting  inconvenient 
shadows  of  the  body,  causes  children  to 
assume  a  cramped,  unnatural  attitude, 
when  reading  and  writing,  and  may 
even  lead  to  spinal  curvature  Dr. 
Kerr  also  points  out  that  a  child,  to 
whom  the  characters  are  unfamiliar,  re- 
quires good  light  even  more  than  a  grown- 
up person,  to  whom  reading  has  become 
second  nature.  For  the  same  reason 
school  books  should  be  done  in  large  type 
on  dead  white  or  cream  paper.  A  Com- 
mittee of  the  British  Association  recently 
dealt  with  this  point,  prescribing  in  de- 
tail the  size  of  type  and  number  of  words 
per  line  permissible  for  children  of  differ- 
ent ages.  Small  type  and  involved 
diagrams  are  doubtless  the  cause  of  much 
eye  trouble  among  young  children  and  add 
to  the  difficulties  of  their  work.  A  case 
might  also  be  made  out  for  more  vigorous 
supervision  of  the  sensational  novelettes 
and  cheap  literature  issued  broadcast 
among  the  children  of  to-day.  Many 
such  publications  are  printed  execrably 
on  very  poor  paper.  Children  are  apt  to 
read  them  more  or  less  secretively  in 
corners  where  they  will  not  lie  interfered 
with,  but  where  the  illumination  is  usually 
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poor.  This  combination  of  poor  light 
and  inferior  printing  cannot  be  good  for 
the  child. 

Habitual  work  in  a  poor  light,  besides 
being  prejudicial  to  the  eyes,  may  there- 
fore be  detrimental  to  the  general  nervous 
system,  for  it  increases  the  strain  of  work 
at  a  critical  period  in  the  child's  develop- 
ment. Then  again  a  child  who  is  short- 
sighted loses  much  of  what  goes  on  round 
him,  and  is  often  put  down  as  stupid  or 
inattentive.  Thus  poor  lighting,  by 
causing  defective  vision  and  impairing 
one  of  the  channels  by  which  information 
is  received,  also  prejudices  the  brain  de- 
velopment and  may  interfere  with  a 
child's  education — a  serious  handicap  in 
after  life. 

There  is  one  other  strong  argument 
that  may  be  brought  forward  on  behalf 
of  good  lighting  in  the  schools.  The 
illumination  should  be  good,  for  the  same 
reason  that  the  schoolroom  should  be 
cheerful  and  clean — because  it  serves  as 
an  example  to  the  children.  If  they  find 
in  the  schoolroom  makeshift  and  anti- 
quated methods  of  lighting  they  go  out 
into  life  with  a  low  standard  in  this  respect, 
and  so  the  evil  is  perpetuated.  If,  on 
the  other  hand,  they  find  that  ever}^  room 
they  enter  is  carefully  lighted,  that  the 
illumination  is  always  sufficient,  that  the 
lamps  are  properly  shaded  and  kept  clean. 
&c.,  they,  in  turn,  will  try  to  secure  the 
same  conditions  in  their  own  homes. 
There  is  an  intimate  connection  between 
cleanliness  and  good  illumination.  A 
badly  lighted  gloomy  room  naturally  is 
not  kept  as  clean  as  it  should  be,  since  the 
dust  cannot  be  seen.  Li\'ing  in  poorly 
lighted  rooms  also  encourages  neglect  of 
personal  appearance.  One  of  the  most 
important  influences  in  the  elementary 
schools  to-day  is  the  training  of  children 
in  healthy  habits.  We  may  be  sure 
that  a  well-lighted  classroom  makes  the 
teacher's  task  easier  in  this  respect ; 
and  that  in  a  poorly  illuminated  room  the 
supervision  of  cleanliness  will  be  less 
thorough. 

The  question  may  next  be  asked 
"  What  is  meant  by  good  lighting  "  in  a 
schoolroom  ?  Authorities  in  the  chief 
countries  of  Europe  and  in  the  United 
States  have  recently  been  busy  on  this 
matter.  It  was  referred  to  at  the  Inter- 
national Medical  Congress  in  London  this 


August,  and  was  also  the  subject  of 
special  discussion  at  the  Fourth  Inter- 
nationa] Congress  on  School  Hygiene  just 
concluded  in  Buffalo.  In  addition  a 
special  committee  composed  of  members 
of  the  Illuminating  Engineering  Society, 
the  Association  of  Medical  Officers  in 
Schools,  the  Association  of  Teachers  in 
Technical  Institutions  and  other  kindred 
bodies  has  recently  issued  a  preliminary 
report  on  the  subject. 

A  few  of  the  most  important  points 
may  therefore  be  mentioned.  In  the  first 
place,  the  illumination  on  the  desks  where 
the  children  read  should  be  sujjicient 
The  Committee  recommend  that  the 
illumination  on  no  desk  should  be  less 
than  2  foot-candles  *  (some  members  of 
the  committee  preferred  2^  foot-candles). 
A  considerable  number  of  tests  have  been 
made  in  schools  in  London,  and  it  has 
been  ascertained  that  an  illumination  of 
this  strength  is  quite  practicable.  The 
figure  has  also  a  theoretical  basis,  for  the 
researches  of  many  physiologists  seem  to 
show  that  the  eye  becomes,  as  it  were, 
"  saturated  "  at  this  point,  so  that  for 
reading  purposes,  any  great  increase  in 
illumination  past  this  point  produces 
relatively  little  increase  in  sensitiveness. 
This,  of  course,  refers  to  large  type  on 
good  white  paper.  On  the  other  hand, 
when  sewing  with  dark  materials  is  under- 
taken a  very  much  greater  illumination 
would  be  needed,  for  the  simple  reason 
that  such  cloth  reflects  back  to  the  eye 
but  a  small  proportion  of  the  light  it  re- 
ceives ;  and  though  the  illumination  may 
be  high,  the  actual  brightness  of  the 
material  will  be  small.  Sewing  always 
requires  a  good  light,  and  it  has  been 
recommended  that  all  fine  work  of  this 
kind  should  only  be  done  during  the  dag- 
time. 

Another  point  that  received  attention 
from  the  committee  was  the  avoidance  of 
"  glare."  The  dazzling  effect  of  modern 
electric  filaments  and  mantles  is  apt  to 
be  very  trpng  and  fatiguing  to  the  eyes 
when  such  lights  fall  in  the  direct  line  of 
view.  It  is  therefore  essential  to  ensure 
that  the  lamps  are  properly  shaded,  and 

*  By  a  "  foot-candle  "  is  meant  the  light  re- 
ceived from  a  lamp  of  one  candle-power,  one 
foot  away.  Two  candles  set  up  one  foot  away 
from  a  white  surface  would  give  approximately 
the  illumination  suggested  above. 
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that  they  are  kept,  as  far  as  possible,  out 
of  the  view  of  scholars  looking  towards 
the  blackboard.  In  a  small  classroom 
the  general  lighting  may  suffice  to  light 
the  blackboard,  but  in  many  cases, 
especially  where  diagi'ams  in  coloured 
chalk  are  used,  special  local  lighting  of 
the  blackboard  will  be  needed. 

Among  other  points  considered  by  the 
committee  are  the  avoidance  of  incon- 
venient head-shadows  and  troublesome 
reflections  from  shiny  paper,  &c.  For 
school-books  a  dead  white  paper  is  pre- 
ferable to  a  glazed  variety.  Both  these 
defects  can  be  mitigated  to  some  extent 
by  arranging  for  the  ceiling  in  the  room 
to  be  white  and  the  walls  light  in  tint,  so 
as  to  reflect  the  light  to  and  fro,  and 
produce  good  diffusion  of  light.  The 
possibilities  of  the  indirect  and  semi- 
indirect  methods  of  lighting  for  class- 
rooms also  merit  consideration,  but 
opinion  is  divided  as  to  their  utility. 

The  Committee  of  the  Illuminating 
Engineering  Society  is  now  considering 
the  natural  lighting  of  schools.  There  are 
many  questions,  such  as  the  best  size  and 
shape  of  classrooms  in  relation  to  the 
window-space,  the  comparative  merits  of 
'■  unilateral  lighting"   (lighting  from  win- 


dows on  one  side  of  the  room  only)  and 
"  bi-lateral  lighting  "  (windows  on  both 
sides),  &c.,  still  being  debated.  Seeing 
that  so  large  a  proportion  of  school  work 
is  done  in  the  daytime  the  planning  of 
schoolrooms  is  an  important  matter. 

These  are  a  few  of  the  considerations 
that  may  be  urged  in  favour  of  scientific 
school  lighting.  Quite  recently  an  im- 
portant scheme  of  inspecting  the  physical 
conditions  of  school  children  has  been 
introduced,  and  it  seems  natural  to 
suggest  that  the  scheme  of  inspection 
should  include  a  study  of  the  lighting  con- 
ditions. The  provision  of  glasses  for 
weak-sighted  scholars  is  certainly  a  step 
in  the  right  direction,  but  it  is  surely  still 
more  important  to  remove  the  causes  of 
defective  vision — among  which  may  be 
reckoned  poor  illumination.  The  gravity 
of  the  matter  may  be  realised  when  it  is 
stated  that  there  are  in  the  schools  of 
London  alone  over  1,000,000  children. 
The  preservation  of  the  eyesight  of  the 
coming  generation  is  a  matter  of  national 
importance,  and  the  good  work  that  is 
being  done  in  this  direction  by  this  con- 
ference and  by  the  co-operation  of  the 
Illuminating  Engineering  Society  deserves 
emphatic  recognition. 


LECTURES    ON    ILLUMINATION    AND 
PHOTOMETRY. 

We  notice  that  a  special  course  of 
fourteen  lectures,  devoted  to  illumination 
and  photometry,  commenced  at  the 
Salfoid  Institute  on  the  first  of  last 
month. 

The  lectures  are  delivered  by  Mr.  D.  H. 
Ogley  and  cover  a  variety  of  topics, 
including  photometry ;  electric  illum- 
inants,  light  and  the  eye  ;  direct,  indirect 
and  other  methods  of  lighting  ;  the 
design  of  shades,  auto-car  headlights,  &c. 

We  are  glad  to  see  this  enterprising 
treatment  of  illuminating  engineering, 
and  hope  that  similar  courses  will  soon  be 
instituted  at  other  technical  institutions 
in  various  parts  of  the  country. 


ILLUMINATION  IN  SCHOOLS. 

In  the  report  of  the  Medical  Officer  of 

the  Ehondda  Urban  District  Council  for 

1912  the  following  reference  to  lighting 

occurs  : — 

Lighting. — Gas,  or  in  a  few  instances, 
electric  light,  is  used  when  natural  light  is 
insufficient.  In  many  class-rooms  of  the 
older  schools  the  direction  ivom  which 
light  is  admitted  in  relation  to  the 
scholars  is  at  fault,  and  in  a  number  of 
cases  the  defect  does  not  seem  capable  of 
being  satisfactorily  reniedied.  In  the 
more  modern  schools,  however,  the 
direction  from  which  light  is  admitted  is 
generally  correct. 

Reference  is  also  made  to  the  occasional 

dirtiness  of  the  upper  parts  of  windows. 

The  apiDointment  of  a  male  cleaning  staff 

has  effected  a  decided  improvement. 
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THE     HYGIENE     OF     GAS    FOR    LIGHTING. 

By  Dr.  S.  Eideal. 


(Abstract  of  Paper  presented  at  the  National  Gas  Coxferexce 
AND  Exhibition  on  Tuesday.  October  14th,  1913.) 


The  liA'gienic  advantages  of  gas  as  an 
illuminant  can  be  discussed  without 
reference  to  other  forms  of  illumination. 
In  all  problems  of  this  character,  the 
economic  aspect  of  the  question  cannot 
be  ignored,  labour-saving  devices,  and 
the  absence  of  worry,  the  relative  cost  of 
the  raw  material,  and  its  ease  of  appliance, 
and  what  may  be  called  maintenance, 
waste  and  renewals,  have  all  important 
influence  upon  the  problem  of  health. 

Since  gas  was  introduced  for  lighting 
purposes  the  burner  has  been  developed 
from  the  old  batswing  pattern,  giving 
about  a  candle  per  cubic  foot,  to  the 
modern  incandescent  burner,  which  gives 
about  twenty  times  as  much  light  for  the 
same  amount  of  gas.  In  the  old  days, 
the  best  form  of  lighting  was  obtained  in 
an  Argand  burner  which  gave  a  light  of 
14  or  16  candles  per  5  cubic  feet  per 
hour,  and  this  is  still  a  standard  in  this 
country  for  the  sale  of  gas.  It  is  to  be 
hoped  that  next  session  will  see  the 
abolition  of  this  standard,  and  that 
England  will  be  in  line  with  other  con- 
tinental countries,  where  it  is  now  almost 
universal  for  a  calorific  standard  to  be 
used  for  the  sale  and  control  of  gas. 

It  must  not  be  forgotten  that  the 
price  of  gas  to  the  consumer  depends 
largely  upon  the  costs  of  distribution, 
and  all  encouragement  should  be  given 
towards  a  uniform  load  throughout  the 
year  and  a  level  maximum  duty  in  the 
distributing  mains ;  this  can  only  be 
brought  about  by  increased  development 
for  heating  and  power  purposes.  When 
we  come  to  analyse  the  distribution  of 
the  heat  units  of  a  ton  of  coal  when 
gasified,  we  find  that  about  one-fifth  is 
consumed  in  the  works  for  the  conversion, 
one-half  remains  in  the  ungasified  coke, 
but  25  per  cent,  of  the  original  heat  is 


available  for  utilization  in  the  distributed 
gas.  The  modern  gas  fire  with  its  new 
•'  radiants "  is  so  designed  as  to  emit 
roughly  half  the  total  heat  energy  of  the 
gas  into  the  room,  and  this  shows  an 
enormous  improvement  on  the  older 
forms  of  room  heating.  It  may  be 
mentioned  that  the  city  of  Glasgow  in 
1909  made  exact  comparative  trials  on 
a  practical  scale  as  to  which  was  better 
for  heating  houses,  coal  or  gas,  as  regards 
efficiency,  healthiness  and  economy,  and 
decided  the  question  in  favour  of  gas  on 
all   three   points. 

During  1907  I  made  a  series  of  com- 
parative trials  on  a  practical  scale  of  the 
relative  hygienic  values  of  gas  and 
electricitv  as  used  for  ordinarv  domestic 
lighting  (J.  Roy.  San.  Inst,  xxix.,  2, 1908). 
A  large  room  measuring  29  ft.  9  in.  by 
16  ft.  4i  in.  and  10  ft.  4  in.  high,  having 
a  capacity,  allowing  for  chimney  breasts, 
&c.,  of  5,013  cubic  feet,  was  employed  for 
this  purpose ;  during  part  of  the  research 
the  room  was  divided  into  two  equal  and 
symmetrical  rooms.  Gas  and  electric 
lamps  were  fitted,  the  number,  power,  and 
position  of  these  lighting  units  being  as 
nearly  as  pos.sible  identical.  Experimental 
runs  were  made  each  evening  with  either 
gas  or  electric  lighting  and  physiological 
observations  were  made  on  15  persons, 
a  general  medical  examination  of  each 
subject  having  been  made  before  being 
included  for  the  tests.  During  the  runs 
the  temperatures,  humidity,  ventilation 
and  bacteriological  condition  of  the  air 
in  the  rooms  were  systematically  deter- 
mined. The  ventilation  of  the  room  was 
determined  on  each  day  immediately 
before  and  after  each  experimental  run. 
The  average  with  the  divided  closed 
rooms  during  a  run  with  gas  was  2,002 
(air  supply  in  cubic  feet  per  hour),  and 


THE    ILLUMINATING    ENGINEER 


559 


with  electricity  1,950,  the  slightly 
increased  ventilation  in  the  former 
being  caused  by  the  gas.  It  i<^  not 
possible  here  to  go  into  any  detail  of 
these  extensive  experiments,  but  a 
number  of  interesting  facts  bearing 
directly  on  our  subject  were  disclosed 
during  this  work. 

In  conjunction  with  Dr.  Hehner  I  had 
previously  shown  that  one  of  the  products 
of  gas  lighting,  the  sulphur  compounds, 
are  practically  entirely  absorbed  by  the 
ceilings  and  condensation  on  the  walls,  &c., 
in  an  ordinary  dwelling  house.  In  this 
instance  inquiry  showed  that  the  amount 
of  whiting  which  had  been  used  in 
whitewashing  the  room  before  it  was 
taken  over  for  the  research,  was  about 
50  lbs.  (350,000  grains).  100  grains  of 
whiting  combine  with  32  grains  of 
sulphur,  so  that  the  new  whitewash  was 
capable  of  fixing  112,000  grains  of 
sulphur.  Using  4  cubic  feet  of  gas  per 
lighting  hour,  containing  a  maximum  of 
60  grains  per  100  cubic  feet,  five  hours' 
lighting  per  day  would  give  a  daily  evolu- 
tion of  12  grains  of  sulphur,  so  that  the 


Tooni  would  remain  basic  for  9,333  days, 
or  its  sulphur-absorbing  power  would  not 
be  exhausted  for  25  years. 

As  regards  CO 2,  water  and  heat,  the 
changes  in  the  air  of  the  room  by  the 
human  contributions  far  exceed  those 
caused  by  either  illuminant.  Attempts 
to  estimate  expired  CO  2  of  the  inmates 
of  the  rooms  with  a  spirometer  failed 
owing  to  abnormal  breathing  of  the 
subject  when  tested,  but  the  amount 
was  found  by  calculating  from  the  total 
CO  2  present  in  the  air  when  the  room 
had  reached  its  "  steady  state,"  allowing 
for  ventilation  and  subtracting  other 
sources  of  the  gas.  An  average  of  0'8 
cubic  foot  expired  CO  2  per  man  per  hour 
was  found,  this  figure  being  in  close 
agreement  to  the  estimates  of  several 
well-known  authorities.  In  an  ordinary 
dining-room  of  the  size  of  the  divided 
rooms  used  for  part  of  these  experiments 
there  would  often  be  as  many  as  six  men 
at  a  time.  The  yields  of  heat,  moisture 
and  CO  2  from  two  biirners  and  six  men 
respectively  are  set  out  in  the  following 
table  :— 


Hourly  Production  of  : 

Two  25  c.p. 
Electric  Lamps. 

Two  25  c.p. 
Gas  Lamps. 

Six  Men. 

Heat  in  B.T.U 

Moisture  in  grains    . . 
CO  2  in  cubic  feet     . . 

658 

1,382 

1,012 

1-54 

2,040 

4,200 

4-8 

The  next  table  shows  the  changes 
which  these  quantities  would  bring  about 
in  one  hour  in  the  temperature  and 
composition  of  the  air  of  the  room,  the 
capacity  being  taken  at  2,500  cubic  feet. 


the  initial  temperature  at  40°  F,  the 
humidity  69  per  cent,  (corresponding  to 
•2]  gr.  of  water  per  cubic  foot),  and  the 
carbonic  acid  at  the  ordinary  figure  for 
town  air,  vi/.,  4  parts  in  10,000. 


Two  25  c.p. 

Two  25  c.p. 

Electric  Lamps. 

Gas  Lamps. 

Six  Men. 

Rise  in  temperature 

is-g'^  F. 

29-r  F. 

43°  F 

Final  temperature    . . 

53-9° 

691° 

85° 

Added  moisture,  grn.  per  cub.  ft.    . . 

•0 

0-4 

1-68 

Final   humidity   at   raised   temper- 

ature 

43  per  cent. 

31  per  cent. 

31  per  cent 

Added  CO 2  parts  in  10,000 

6-2 

19-2 

Final  CO 2                   ditto 

10-2 

23-2 

5fiO 
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It  will  be  seen  that,  as  already  men- 
tioned, the  alterations  brought  about  in 
the  air  of  the  room  by  the  human  con- 
tributions far  exceed  those  from  either 
illuminant.  The  figures  assume  that  the 
air  of  the  room  is  stationary  :  in  actual 
experience  the  variation  is  much  less,  on 
account  of  ventilation.  With  an  air 
supply  equal  to  three  times  the  contents 
of  the  room,  which  may  be  taken  as  a 
measurable  maximum,  the  changes  would 
be  proportionably  smaller,  the  increase 
in  the  CO2  becoming  2'1  and  6'4  parts 
from  gas-burners  and  men  respectively. 

CO 2  is  commonly  taken  as  a  measure  of 
the  purity  of  air  much  in  the  same  way 
as  coli  organisms  are  counted  as  an 
indicator  of  the  purity  of  water.  Expired 
breath  from  the  lungs  contains  on  an 
average  -i'S  per  cent,  of  CO 2  (430  parts 
per  10,000),  and  an  amount  of  CO  2  above 
this  in  air  produces  sickness  or  even 
death.  In  these  experiments  it  was 
found  that  CO 2  in  quantities  up  to  50 
parts  per  10,000,  even  when  of  respiratory 
origin,  is  not  responsible  for  any  physio- 
logical effects.  The  CO  2  figure  was  as 
high  as  53'2  during  one  experimental  run, 
and  frequently  was  over  40  without 
becoming  apparent  to  the  senses  or  in  any 
way  affecting  the  health  of  the  occupants. 
Many  of  these  high  figures  were  reached 
in  electric-lighted  rooms,  the  CO,  being 
then,  of  course,  almost  entirely  of  human 
origin.  It  would  be  a  very  poorly 
ventilated  room  in  which  even  20  parts 
in  10,000  would  be  found. 

The  humidity  results  throughout  the 
experiments  showed  remarkably  close 
agreements  with  electricity  and  gas, 
pro\'ing  that  the  illuminant  has  but  little 
effect  in  this  direction,  the  relative 
humidity  of  the  air  in  general  was  70  to 
75  per  cent.,  and  was  therefore  such  as 
the  best  authorities  have  laid  down  as 
most  agreeable.  In  explanation  of  the 
equable  humidity  maintained  in  the 
rooms  apart  from  the  ventilation,  it  is 
obvious  that  the  walls,  &c.,  serve  as  a 
compensating  reservoir  either  taking  up 
or  giving  off  moisture  according  to  the 
wetness  or  dryness  of  the  air. 

Detailed  investigations  were  also  carried 


out  on  the  change  of  weight,  respiration 
and  heart  action  of  people  in  the  two  rooms 

In  confirmation  of  the  popular  idea 
that  electric  light  is  more  trying  for  the 
eyes  than  gas-light,  the  records  of  the 
ophthalmic  experiments  were  distinctly 
in  favour  of  gas  lighting. 

The  amount  of  carbon  monoxide,  CO, 
in  air  forms  a  very  delicate  test  for  the 
presence  of  unburnt  coal-gas  due  to  any 
leak  ;  this  can  be  determined  by  Nicloux's 
process. 

I  have  investigated  the  physiological 
effects  of  a  large  coal-gas  leakage.  Three 
subjects  were  enclosed  in  a  room  of  2,500 
cubic  feet  capacity  4  hours  20  minutes,  in 
which  8*8  cubic  feet  of  gas  per  hour  was 
allowed  to  escape  ;  this  was  calculated 
from  the  carbon  monoxide  and  ventilation 
determinations  to  correspond  to  a  per- 
manent gas  leakage  of  0*9  cubic  foot  per 
hour. 

Detailed  physiological  tests  before  and 
after  the  experiment  were  made.  No 
prejudicial  symptoms  were  detected,  and 
from  this  experiment  the  inference  is  that 
in  any  quantity  of  gas  likely  to  escape 
from  an  ordinary  leakage  there  is  no  fear 
of  any  immediate  danger  to  health. 

At  the  present  time,  when  so  much 
attention  is  being  directed  to  the  Healthy 
Home,  Town  Planning  and  Suburban 
Development,  the  subjects  of  heating, 
lighting,  and  air  pollution  are  of  immense 
importance.  Even  without  any  legal 
enactment  on  the  point,  it  is  the  duty  of 
every  householder  to  discontinue,  so  far 
as  possible,  the  domestic  use  of  coal. 

The  proper  employment  of  gas  utilises 
money  and  labour  most  profitably,  besides 
contributing  to  the  cleanliness  and  healthi- 
ness of  homes,  while  the  raw  product 
coal,  which  is  a  national  asset,  will  be 
increased  in  value.  Dr.  Lessing  the 
other  day  at  the  British  Association 
Meeting  calculated  that  if  all  household 
coal  were  carbonised  before  being  used 
for  domestic  purposes,  not  only  would  the 
'■  smoke  nuisance  "  be  abolished,  but 
that,  at  20  gallons  per  ton,  700  million 
gallons  of  liquid  fuel  per  annum  would  be 
obtained,  or  some  15  times  the  quantity 
of  liquid  fuel  required  for  the  Navy. 


THE    ILLUMINATING    ENGINEER 


561 


THE    AIMS    AND    OBJECTS    OF    THE    ILLUMINATING 
ENGINEERING    SOCIETY. 

By  Leon  Gaster 
(Hon.  Sec.  of  the  Tlluminating  Engineering  Society.) 

(Abstract  of  paper  presented  at  the  National  Gas  Conference  and 
Exhibition  on  Friday,  October  17th,  1913.) 


Before  proceeding  to  explain  the  aims 
and  objects  of  the  Illuminating  Engineer- 
ing Society,  a  few  words  may  be  said  as 
to  its  origin.  It  is  now  seven  years  ago 
since  the  author  first  sought  to  obtain 
support  for  the  project,  but  it  was  not 
until  the  autumn  of  1907  that  the  idea 
was  brought  prominently  forward.  In 
the  meantime  the  author  had  visited 
the  Continent  and  the  United  States. 
Encouraged  by  the  favourable  views  of 
the  leading  experts  of  those  countries,  he 
revived  the  idea  in  a  paper  before  the 
Association  of  Engineers  in  Charge  in  the 
autumn  of  1907,  and  endeavoured  to 
point  out  the  valuable  work  such  a 
society  might  do.  The  great  advances 
in  methods  of  lighting  commencing  at 
that  time,  and  tlie  introduction  of  new 
illuminants  and  improved  apparatus 
for  making  use  of  them,  all  served  to 
emphasise  the  need  for  an  impartial 
platform  for  the  discussion  of  the  subject 
of  illumination.  Yet  the  support  was  not 
very  encouraging.  People  were  unable  to 
see  how  the  representatives  of  gas  and 
electric  lighting  could  be  got  together 
on  the  same  platform,  and  there  were 
few  who  realised  what  an  immense  ground 
was  covered  by  the  term  "  illuminating 
engineering."  The  starting  of  the 
Illuminating  Engineer  in  the  following 
year  helped  to  explain  the  nature  of  the 
movement  more  fully,  but  it  was  not  until 
1909  that  the  Society  was  actually  formed. 
By  that  time  many  of  those  who  origin- 
ally had  doubts  as  to  the  utility  of  the 
movement  had  changed  their  minci. 
At  the  present  day,  it  is  pleasant  to 
record  that  many  of  those  who  originally 
opposed  the  idea  have  become  its  strongest 
supporters. 


As  an  exposition  of  the  aims  and  objects 
of  the  Society  one  cannot  do  better  than 
quote  from  Prof.  Thompson's  inspiring 
inaugural  address,  delivered  at  the  first 
meeting  of  the  Society  in  1909  : — 

"  This  Society,"  he  said,  "  has  been 
founded  to  bring  together  all  those  who 
are  interested  in  the  problems,  practical 
and  theoretical,  of  the  art  of  directing 
and  adapting  light,  that  prime  necessity 
of  civilised,  as  well  as  of  uncivilised 
existence,  to  the  use  and  convenience  of 
man.  .  .  .  Few  members  of  the  com- 
munity at  large  are  producers  of  light, 
and  those  who  produce  light  have  many 
diverse  and  often  rival  processes.  But 
all  members  of  the  community  are  users 
of  light.  And  between  the  producer  and 
the  user  there  stands  a  considerable 
number  of  persons,  mostly  professional 
men,  not  middlemen,  in  the  industrial 
sense,  but  persons  who  are  concerned  with 
the  intermediate  cpiestions  of  distribution 
and  utilisation,  for  whom  no  professional 
name  has  hitherto  existed,  and  who  have 
had  no  organisation  to  bring  them 
together,  to  consolidate  their  experience, 
or  to  voice  their  opinions.  Their  diverse 
and  individual  interests  centre  around 
a  common  topic — and,  in  default  of  a  more 
appropriate  name,  that  topic  is  called 
'  illuminating  engineering.'  " 

Professor  Thom])Son  pro<eeded  to  ex- 
plain that  there  were  many  problems 
(such  as  the  measurement  of  light  and 
illumination,  the  avoidance  of  glare,  the 
design  of  shades  and  reflectors,  the  appro- 
priate position  of  lights  in  interiors,  &c.), 
which  are  of  common  interest  to  repre- 
sentatives of  all  systems  of  lighting.  For 
these  the  Society  has  provided  a  common 
platform,  where  they  can  meet  together  on 
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friendly  terms  and  discuss  points  in  which 
they  are  mutually  interested.  But  it  has 
also  opened  its  doors  to  the  architect,  the 
medical  officer,  the  physiologist,  and  to 
many  others  whose  advice  it  desires  and 
whose  co-operation  it  needs.  All  of  us 
feel  that  we  are  engaged  on  what  Professor 
Thompson  happily  termed  "  a  career  of 
self-education."'  Membership  in  the 
Society  does  not  at  present  convey  any 
professional  status,  and  for  the  present  we 
deprecate  members  describing  themselves 
as  illuminating  engineers,  feeling  that  the 
ideal  "  illuminating  engineer,"  conversant 
with  all  aspects  of  the  subject,  has  yet  to 
be  evolved.  We  particularly  desire  the 
support  of  the  architectural  profession, 
at  present  insufficiently  represented  in 
our  Society.  We  feel  that  while  the 
architect  might  often  learn  much  from  the 
engineer,  the  latter  could  also  learn  much 
from  the  architect  ;  and  that  the  influence 
of  the  Society,  with  the  architect's  assist- 
ance and  support  could  do  much  to 
bring  home  to  the  general  public  the  possi- 
bilities of  developing  not  only  more 
efficient  but  also  more  beautiful  conditions 
of  lighting. 

At  present,  it  must  be  owned,  the 
architect  in  whose  hands  the  lighting  of 
interiors  so  largely  rests  is  often  indifferent 
to  these  possibilities.  We  want  him  to 
take  up  illumination  as  an  integral  part  of 
his  work,  and  to  help  us  to  raise  it  to  a 
higher  artistic  plane. 

In  the  same  way  we  fee)  that  the 
influence  of  the  medical  profession  should 
be  exerted  more  strongly  against  methods 
of  lighting  detrimental  to  vision.  All  our 
impressions  as  to  the  beauty  or  utility 
of  an  interior  are  received  through,  the  eye, 
and  in  designing  a  lighting  installation 
we  should  surely  study  the  needs  of  this 
organ.  At  an  early  stage  in  the  Society's 
proceedings  the  "  glare  "  from  artificial 
illuminants  was  discussed,  and  vast 
results  have  already  followed  from  this 
discussion.  The  lighting  engineer  has 
been  stimulated  to  design  new  and 
improved  forms  of  shades  and  reflectors 
screening  the  light  from  the  eyes  and 
producing  a  more  restful  efficient  con- 
dition of  illumination  ;  and  the  medical 
profession  are  coming  to  recognise  that 
they  have  a  duty  to  appl}'-  their  knowledge 
of  the  eye,  acquired  in  the  physiological 
laboratory,     to    practical    problems    in 


illumination.  At  the  recent  international 
Medical  Congress,  held  in  I<ondon,  much 
was  said  on  this  point  ;  but  much  more 
may  yet  be  learnt  by  the  closer  co-opera- 
tion of  the  medical  profession  and  the 
illuminating  engineer. 

Another  respect  in  which  the  influence 
of  the  Illuminating  Engineering  Society 
has  been  far-reaching  is  the  design  of 
simple  instruments  for  the  measurement 
of  illumination — once  regarded  merely 
as  a  laboratory  process  of  theoretical 
interest,  but  now  generally  felt  to  be 
quite  a  practical  and  familiar  process. 
We  are  now  no  longer  content  to  say 
that  the  illumination  must  be  "  adequate." 
We  want  to  know  exactly  what  "  ade- 
quate "  means,  and  we  are  already 
replacing  this  vague  term  by  precise 
recommendations  as  to  the  amount  of 
light  required  for  various  pm'poses.  In 
order  to  do  this  we  must  make  the 
measurement  of  illumination  as  natm'al  a 
process  as  the  measurement  of  tempera- 
ture, moisture,  or  the  percentage  of 
carbon  dioxide  in  the  air  ;  and  we  are 
well  on  the  way  towards  doing  so. 

Other  meetings  of  the  Society  have  been 
remarkable  for  their  influence  in  bringing 
in  contact  those  interested  in  the  develop- 
ment of  lighting  appliances  and  those 
concerned  mainly  with  the  use  of  them. 
We  have  dealt  with  such  subjects  as  the 
lighting  of  schools,  shops,  libraries, 
printing  works,  railways,  &c.,  and  in  each 
case  we  have  been  successful  not  only  in 
ourselves  learning  more  about  these 
subjects,  but  in  bringing  their  importance 
home  to  many  members  of  the  general 
public  outside  the  ranks  of  the  Society. 
Professor  Thompson,  in  1909,  foiesaw 
that  such  discussions  would  reveal  possi- 
bilities of  further  work  such  as  might 
fitly  be  dealt  with  by  the  formation  of 
joint  committees.  "  One  of  the  things," 
he  said,  "  that  I  think  our  Society  might 
well  undertake  would  be  the  formation — in 
the  manner  of  the  British  Association  or 
of  our  sister  societies — of  technical  com- 
mittees charged  with  the  duty  of  pre- 
paring reports  in  different  branches  of  our 
subject." 

Well,  we  have  already  arranged, 
in  conjunction  with  other  bodies, 
for  committees  on  street-,  school-  and 
library-lighting,  and  no  doubt  we  shall 
be  able  to  do  much  further  in  this  respect 
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in  the  future.  At  the  Conference  of 
Educationalists  at  this  exhibition  on 
Oct.  11th,  reference  was  made  to  the 
report  of  the  joint  committee  on  school 
lighting  and  its  recommendations  seem 
to  have  received  a  very  cordial  reception 
from  all  interested  in  the  subject. 
The  recommendations  of  such  joint  com- 
mittees naturally  carry  weight  in  the 
public  mind  in  a  way  that  the  views  of  an 
individual,  however  gifted,  will  rarely  do. 
By  this  means  an  authoritative  and  clear 
exposition  of  the  principles  of  good 
lighting  can  be  laid  down  for  the  benefit  of 
the  consumer.  To  the  manufacturer,  too, 
it  is  of  great  assistance  to  have  a  series  of 
definite  recommendations  on  which  to 
base  his  proposals,  and  to  have  at  hi«?  back 
the  authority  of  an  impartial  expert 
committee. 

A  gratifying  feature  of  our  work  has 
been  the  wide  publicity  given  to  all  the 
discussions  of  the  Society  in  the  press. 
That  shows  that  illumination  is  a  subject 
in  which  literally  everybody  is  interested. 
The  generous  and  wide  publicity  given  to 
our  work  in  the  press,  which  we  should 
like  to  take  this  opportunity  of  cordially 
acknowledging,  is  doubtless  also  due  to 
the  fact  that  the  Society  has  from  the 
first  granted  every  facility  for  the  repro- 
duction of  its  proceedings  and  done  every- 
thing it  could  to  assist  journals  and 
papers  interested  therein. 

Besides  the  work  of  its  committees  the 
Society  has  also  been  responsible  for  the 
circulation  of  a  little  booklet  entitled 
Light  and  Illumination  :  Their  Use  and 
Misuse,  which  summarises,  in  a  popular 
manner  and  by  the  aid  of  appropriate 
illustrations,  some  of  the  fundamental 
rules  of  good  lighting.  This  also  has 
received  very  wide  notice.  Its  contents 
were  arranged  in  such  a  way  as  to  be 
applicable  to  both  gas  and  electric 
lighting  and  it  may  be  remarked  that 
both  the  British  Commercial  Gas  Associa- 
tion and  the  Electrical  Publicity  Com- 
mittee have  arranged  to  circulate  a  con- 
siderable nimiber  of  reprints.  This  surely 
is  an  emphatic  testimony  to  the  value  of 
the  movement  to  both  systems  of  lighting. 
It  is  hoped  that  this  booklet  will  be 
followed  by  others  dealing  specifically 
with  various  problems  in  illumination. 

Let  us  now  turn  to  another  aspect  of 
the     work     of    the     Society — its    inter- 


national connection.  Naturally  the  same 
problems  that  interest  us  in  this  country 
are  also  occurring  abroad.  In  illumin- 
ating engineering,  we  have  early  recog- 
nised the  wisdom  of  international  co- 
operation ;  seeing  that  this  is  a  new  and 
developing  science,  and  that  conditions  in 
different  countries  have  not  yet  become 
standardised,  the  prospects  of  common 
agreement  at  an  early  stage  seem  bright. 
The  Society  receives  the  support  of  a 
very  large  number  of  distinguished  corre- 
sponding members  in  various  parts  of  the 
world,  and  their  assistance  will  naturally 
be  very  valuable  in  arranging  for  inter- 
national action. 

There  is  a  need  for  more  precise  defini- 
tion of  the  units,  standards,  terms  and 
symbols  used  in  illuminating  engineering, 
and  many  difficult  problems  in  scientific 
photometry  still  remain  to  be  threshed 
out.  These  questions  cannot  be  settled 
by  any  section  of  the  lighting  industry. 
They  need  the  joint  consideration  of 
representatives  cf  various  systems  of 
illumination.  In  1908,  when,  at  a  meet- 
ing of  the  International  Electrotechnical 
Committee,  the  question  of  the  standards 
of  light  was  discussed,  the  author  pro- 
posed that  the  co-operation  of  bodies 
representing  the  gas  industries  should  be 
invited,  and  it  was  agreed  that  this  should 
be  done.  Since  that  time  the  principle 
of  such  joint  action  has  been  generally 
recognised.  The  need  for  international 
action  on  such  points  has  already  been 
responsible  for  the  formation  of  an 
Illuminating  Engineering  Society  in  Ger- 
many, under  the  distinguished  auspices 
of  the  Technisch-Physikalische  Reichsan- 
stalt  of  Charlottenburg,  and  with  the 
support  of  the  German  Institutions  of 
Gas  and  Electrical  Engineers. 

There  are  already  in  existence  three 
Illuminating  Engineering  Societies  in 
Great  Britain.  Germany,  and  the  United 
States,  and  it  is  anticipnted  th;it  a  similar 
Society  will  shortly  be  formed  in  France. 
Already  these  societies  have  made  pro- 
vision for  co-operation.  But  it  is  recog- 
nised that  such  co-oper;ition  should  not 
apply  only  to  purely  scientific  sul)jects 
and  that  important  work  might  bo  done 
in  connection  with  many  problems  ol 
practical  importance  such  as  the  measure- 
ment of  light  and  illumination,  the  amount 
of  illumination  required  in  various  indus- 
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trial  purposes,  &c.  Xaturally  it  would  be 
a  great  advantage  for  the  requirements  in 
this  respect  to  be  the  subject  of  inter- 
national agreement. 

The  desirability  of  such  common  action 
has  also  been  pointed  out  at  a  number  of 
International  Congresses  at  which  the 
Illuminating  Engineering  Society  was 
represented  ;  for  example,  at  the  Inter- 
national Congress  on  Industrial  Diseases 
(Brussels,  1910),  the  International  Con- 
gress for  the  Prevention  of  Industrial 
Accidents  (Milan,  1912),  and  at  the 
International  Electro-Technical  Congress, 
held  in  Turin  in  1911.  At  the  Annual 
Congress  of  the  Eoyal  Institute  of  Public 
Health,  held  in  Paris  during  the  present 
year,  a  special  section  devoted  to  indus- 
trial hygiene  was  established  for  the  first 
time,  and  in  the  discussion  in  this  section, 
the  consideration  of  industrial  lighting 
played  a  prominent  part.  In  the  field  of 
industrial  lighting  such  congresses  are 
already  leading  to  far-reaching  results. 
The  French  Government  has  appointed  a 
committee  on  the  hygiene  of  vision,  and 
this  year  a  similar  committee,  charged 
with  the  duty  of  inquiring  into  industrial 
lighting,  has  also  been  appointed  by  the 
Home  Office  in  this  country.  It  would 
naturally  be  a  great  benefit  if  similar 
committees  could  be  instituted  in  all  the 
chief  countries,  so  as  to  work  in  co-opera- 
tion and  ultimately  report  at  an  Inter- 
national Congress  on  the  subject. 

Meantime  the  idea  of  an  International 
Commission  on  Illumination,  brought  for- 
ward by  the  author  at  the  International 
Electrotechnical  Congress  at  Turin  in 
1911,  has  become  an  accomplished  fact. 
Last  month,  at  a  conference  held  in 
Berlin,  it  was  decided  to  form  such  a 
Commission  by  suitably  enlarging  the 
scope  and  membership  of  the  Ziirich 
International  Photometric  Commission, 
which  was  originally  formed  in  1900  in 
Paris,  with  a  view  to  promoting  researches 
on  the  photometry  of  gas. 

National  Committees  on  illumination 
will  be  appointed  in  all  the  chief  countries 
and  the  statutes  provide  that  in  countries 
where  Illuminating  Engineering  Societies 
already  exist,  these  may  assume  the 
functions  of  the  national  committee — 
a  step  which  would  considerably  simplify 
the  problem  of  providing  for  adequate 
representation  of  all  systems  of  lighting. 


The  example  set  by  Germany  in  this 
respect  could  with  advantage  be  followed 
here  in  this  country,  where  the  Illumina- 
ting Engineering  Society  has  already 
obtained  recognition  from  the  older  and 
longer  established  institutions. 

At  the  present  moment  it  is  impossible 
to  predict  the  ultimate  influence  of  this 
Commission,  but  we  may  be  sure  that  it 
will  have  far-reachins  and  beneficial 
consequences  to  the  lighting  industries  all 
over  the  world.  The  work  of  the  whole 
illuminating  engineering  movement  is 
such  as  to  benefit  all  systems  of  lighting, 
as  well  as  the  outside  public  ;  we  may 
hope  that  through  its  influence  the 
jealousy  and  animosity  between  repre- 
sentatives of  rival  illuminants,  already 
much  modified  by  the  events  of  the  last 
few  years,  will  gradually  pass  awa5^ 

It  may  be  mentioned,  also,  that  there 
are  already  many  towns  where  both  the 
gas  and  the  electrical  supply  are  owned 
by  the  municipality,  and  where  it  would 
be  of  great  value  to  the  authorities  to  have 
impartial  information  as  to  the  circum- 
stances in  which  the  respective  illumin- 
ants are  best  employed. 

Your  distinguished  President,  Sir  Corbet 
Woodall,  in  his  opening  address,  stated 
that  this  exhibition  was  "  pro-gas," 
and   not    "  anti-electric.'' 

In  the  Illuminating  Engineering  Society 
the  principle  has  always  been  to  allow 
representatives  of  different  systems  of 
lighting  to  bring  forward  the  claims  of 
their  own  illuminants  but  to  abstain 
entirely  from  attacking  other  systems. 
May  we  hope  that  this  principle  will  be 
adopted  far  and  wide  throughout  both 
industries,  and  that  the  energy  frittered 
away  in  mutual  enmity  and  interference 
will  be  replaced  by  a  determined  efiort 
to  work  together  in  fields  where  both  can 
benefit. 

In  the  illuminating  engineering  move- 
ment, the  author  is  convinced,  there 
exists  such  a  field.  This  has  been  fuUy 
recognised  by  the  members  of  the  Council 
of  our  Society,  who,  throughout  its  four 
years  of  existence,  have  worked  together 
in  an  entirely  friendly  and  harmonious 
manner. 

It  has  been  said  that  the  best  thing 
that  ever  happened  to  electricity  was 
the  introduction  of  the  incandescent 
mantle  ;     and    looking    at    the    matter 
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broadly,  we  can  already  see  that  the  intro- 
duction of  the  metal  filament  lamp  has 
likewise  been  a  good  thing  for  gas.  In  each 
case  the  step  forward  was  a  revelation  to 
the  general  public  of  what  abundance  of 
light  could  do,  and  led  to  an  upward 
leap  in  the  standard  of  illumination. 
Moreover,  experience  has  shown,  again 
and  again,  that  an  advance  in  one 
system  of  illumination  calls  for  a  cor- 
responding effort  on  the  part  of  its 
competitors  and  saves  them  from  sinking 
into  an  apathetic  and  lethargic  attitude 
of  mind.  Illuminating  engineering,  by 
stimulating  the  demand  for  better  light 
and  raising  illumination  to  a  higher  place 
in  the  public  estimation,  and  by  estab- 
lishing an  understanding  as  to  what, 
exactly,  the  principles  of  good  lighting 
really  are,  can  do  much  for  both 
industries. 

In  concluding  this  paper  the  author 
would,  therefore,  like  to  make  a  strong 
appeal  to  the  members  of  the  gas  industry 
to  come  forward  and  support  the  move- 
ment in  greater  numbers. 

We  have  before  us  an  immense  vista 
of  useful  work.  We  are  making  steady 
progress  in  the  more  technical  aspects  of 
illuminating  engineering,  such  as  the 
photometry  of  lamps,  the  determination 
of  the  polar  curves  of  light  distribution 
from  globes,  shades  and  reflectors,  and 
illuminating  engineering  calculations — all 
of  which  are  gradually  permeating  the 
lighting  industry  and  are  of  great 
importance  to  those  interested  in  the  use 
of  gas. 

We  hope  also  to  establish  gradually  the 
standard  of  illumination  required  for 
various  purposes  and  we  are  hastening 
towards  the  time  when  people  will  not 
think  only  of  how  much  they  can  save 
off  their  lighting  bill,  but  also  will 
demand  of  a  system  of  illuminat'on  that 
it  shall  be  hygienic,  artistic  and  supremely 
well  adapted  to  their  needs.  Through 
the  help  of  the  architectural  and  the 
medical  professions  let  us  teach  the 
public  to  appreciate  good  lighting,  as  a 
means  of  preserving  eyesight  and  beauti- 


fying the  home.  Let  us  make  it  clear  to- 
the  manufacturer,  the  merchant  and  the 
professional  man  that  proper  illumination 
is  an  essential  element  to  the  success  of 
their  work  and  that  inefficient  lighting 
appliances  are  dear  at  any  price. 

A  piece  of  work  on  which  the  Society 
has  already  been  engaged  is  the  organisa- 
tion of  lectures  on  illuminating  engineer- 
ing. Such  courses  were  recently  held 
simultaneously  at  three  institutions  in 
London,  the  various  subjects  being  dealt 
with  by  specialists  in  each  department. 
It  is  hoped  that  in  time  to  come  such 
lectures  will  form  an  integral  part  of  the 
courses  of  all  the  chief  technical  institu- 
tions. 

A  striking  series  of  lectures  of  this  kind 
was  instituted  at  the  Johns  Hopkins  Uni- 
versity, Baltimore,  U.S.A.,  under  the 
auspices  of  the  American  Illuminating 
Engineering  Society  in  1910. 

This  leads  the  author  to  refer  to  the 
excellent  pioneering  work  of  the  Society" 
in  the  United  States.  In  a  lecture 
devoted  to  the  aims  of  the  British  Society 
attention  was  naturally  devoted  mainly 
to  European  developments ;  but  it 
should  not  be  forgotten  how  much  has 
been  done  in  the  LTnited  States  since  the 
starting  of  the  Illuminating  Engineering 
Society  there  in  1906.  The  author,  irt 
the  course  of  his  visit  to  that  country  in 
1907,  and  again  last  year,  had  ample 
opportunities  of  judging  the  progress 
made. 

In  this  paper,  the  author  has  not  said 
much  regarding  the  commercial  aspect 
of  lighting ;  this  will  be  more  fitly 
considered    at    a    coming    conference. 

If  the  Illuminating  Engineering  Society 
were  adequately  supported  it  is  scarcely 
possible  to  set  limits  to  what  it  might 
accomplish.  But  in  order  to  carry  out 
its  programme  to  the  full  a  more  generous 
measure  of  support  is  now  desirable. 

The  problems  on  which  it  is  engaged 
are  of  national  importance,  and  there  are 
several  branches  of  its  work  which  might 
well  receive  gi-eater  Governmental  recogni- 
tion and  support. 
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LIGHT    AND    SIGHT. 

By  Meredith  Youxg,  M.D.,  D.P.H.,  D.S.Sc.  ;    Officer   of   Health  axd   Chief 
School  Medical  Officer,  County  of  Chester. 

(Abstract  of  Paper  presented  at  the  National  Gas  Conference  and 
Exhibition  on  Friday,  October  17th,  1913.) 


Dr.  Young  commences  with  some 
remarks  on  the  physiological  structure 
and  function  of  the  eye  and  the  physical 
causes  of  the  sensation  of  light.  Pro- 
ceeding he  details  the  suggestive  re- 
searches of  Prof.  Mosso  on  the  subject  of 
fatigue  with  special  reference  to  the  eye. 

It  is  important  to  note  that  besides  the 
effect  of  insufficient  or  imperfectly  shaded 
lights  on  acuteness  of  vision  there  is  also 
the  probability  that  such  conditions  may 
distract  the  attention  and  lead  to  mental 
fatigue.  In  this  connection  Dr.  Young 
quotes  the  experience  of  Goethe  that 
such  fatigue  persists  longer  in  the  case  of 
enfeebled  persons;  and  the  ''after- 
image "  does  not  die  away  so  quickly  as 
in  the  case  of  healthy  subjects.  Another 
phenomenon  following  ocular  fatigue  is 
"  hyperaesthesia,"  or  increased  sensitive- 
ness to  light.  On  the  other  hand,  some 
people  who  habitually  work  in  a  very 
bright  light  seem  to  come  to  a  condition 
of  demanding  an  excess. 

Prof.  Mosso  also  describes  a  form  of 
"  ciUary  cramp,"  or  "  spasm  of  accommo- 
dation," which  may  be  caused  by  sudden 
exposure  to  a  very  bright  light.  But  the 
most  common  result  of  fatigue  is  the 
myopia  caused  by  the  strain  of  close  work, 
accentuated  by  the  habit  of  bringing  the 
print  nearer  and  nearer  the  eyes,  as  the 
process  of  reading  is  found  to  become 
difficult. 

The  effects  of  excessive  stimuli  on  the 
eve  then  receive  attention  from  Dr. 
Young ;  such  points  as  eclipse-blindness, 
results  of  exposure  to  short-circuit  flashes 
or  open  electric  arcs,  mercury  vapour 
lamps,  snow-blindness,  and  other  con- 
ditions where  apparently  ultra-violet  rays 
are  the  directly  responsible  factors  in 
causation  are  discussed  at  considerable 
length. 


The  effects  of  heat-rays  are  illustrated 
by  the  occurrence  of  cataract  in  glass- 
workers.  Some  observations  have  been 
made  by  Dr.  T.  M.  Legge  on  this  point. 
(It  would  be  interesting  to  know  under 
what  conditions  the  heat  radiated  bv  a 
source  near  the  eye  is  apt  to  cause  trouble. 
Some  authorities  allege  that  illuminants 
differ  in  this  respect.  The  effect  of  a 
strong  light  near  the  head  seems  to  cause 
a  dryness  and  irritation  of  the  eyes, 
possibly  clue  to  the  heat  received). 
The  properties  of  ultra-violet  rays  also 
require  careful  study,  and  it  is  specially 
desirable  that  their  differentiation  and 
standardisation    should    be     attempted. 

Dr.  Young  quotes  from  Steinmetz, 
Birch-Hirschfeld,  E.  Fuchs,  Grimsdale, 
J.  H.  Parsons,  and  many  others  on  this 
point.  It  is  interesting  to  note  that  some 
authorities  believe  that  the  harm  caused 
by  exposure  to  an  intense  source  may  be 
due  to  a  "  power-blow  "  caused  by  the 
total  radiation  from  a  source,  rather  than 
by  any  particular  quahty  of  light. 
The  important  question  of  "  glare  "  is 
very  fully  discussed,  and  experiments  are 
described  in  illustration  of  the  diminution 
in  \asual  acuity  following  on  exposure  of 
the  eye  to  glaring  light-sources.  Dr. 
Young  makes  frequent  quotations  from 
an  article  recently  contributed  by  Dr. 
J.  Herbert  Parsons  to  The  Lancet  on  this 
point.  He  also  describes  some  experi- 
ments conducted  by  Dr.  Cameron  Gibson, 
which  showed  that  a  marked  temporary 
fall  in  acuteness  might  be  produced  by 
staring  at  a  bare  lamp. 

Dr.  Young  gives  the  intrinsic  brilliancy 
of  the  chief  modern  illuminants  and  con- 
trasts their  brightness  with  the  minimum 
permissible  advocated  by  Bell  (5  c.p.  per 
sq.  inch),  and  the  still  lower  figures  advo- 
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cated  by  Dr.  Woodwell  and  Mr.  Darcli. 
One  test  of  the  effect  of  glare  is  the  pre- 
sence of  the  "  after-image."'  In  this  con- 
nection the  author  remarks  : — 

The  intensity  of  the  action  of  light  on 
the  retina  can  be  demonstrated  approxi- 
mately by  the  productions  of  fatigue  or 
after-images.  The  thing  can  be  easily 
tested  (though  in  the  case  of  the  more 
brilliant  lights  the  experiment  is  no 
pleasant  one)  by  staring  as  steadily  as 
possible  at  the  source  of  light  and  then, 
in  the  darkness,  finding  out  by  means  of 
an  assistant,  the  dm-ation  of  the  after- 
image. The  image  tends  constantly  to 
fade  away,  but  a  flicker  or  blink  of  the 
eyelids  causes  it  to  reappear  very  bright 
for  the  fraction  of  a  moment.  The  unage 
from  a  50-candle  power  Osram  lamp  is  to 
my  eye,  at  first  yellowish,  then  reddish- 
yellow,  then — somewhat  suddenly — a 
beautiful  violet  and  this  drifts  gradually 
into  black  :  the  lighter  colours  usually 
have  a  dark  halo  and  the  dark  colours  a 
Ught  halo.  Tested  in  tliis  nranner  I 
found  as  the  mean  of  a  nmnber  of  trials 
the  following  persistence  of  the  after- 
image : — 

50  candle-power  Osram 

lamp  (new) 
16  candle-power  carbon 

filament   (new) 
Inverted     incandescent 

gas  bm-ner 
Wax    candle    (Price's), 

16  to   1  lb. 
Bryant  &  Clay's  special 

(small)  safety  match 


3  min.     3  sees. 


1   min.   45  sees. 


1  nain.   10  sees. 


33  sees. 


2  sees. 


Further  experiments  are  detailed  demon- 
strating the  loss  of  visual  acuity  occasioned 
by  the  presence  of  more  or  less  bright  lights 
in  the  field  of  vision  though  not  directly 
impinging  on  the  seeing  part  of  the  eye. 

The  mental  effect  (diminution  of  power 
of  attention)  of  various  lights  and  shades 
is  next  considered.  Here  again  the  effect 
of  distraction  comes  in. 

There  are  people  who  can  work  steadily 
in  a  din  of  noise,  but  the  effect  of  sur- 
rounding brilliant  Hghts  seems  to  be  often 
less  easily  shaken  off.  The  conclusion  is 
reached  that  for  mental  work  adequate 
local  illumination  with  somewhat  less 
illumination  of  walls,  &c.,  is  most  restful. 
Specific  medical  opinions  of  eye-specialists 
are  quoted  to  the  effect  that : — 

(1)  The  introduction  of  electric  light 
has  not  led  to  the  greater  occur- 
rence of  eye-diseases  or  errors  of 
refraction. 


(2)  That  a  brilliancy  of  5  c.p.  per  sq. 

inch  of  lighting  source  is  that 
which  the  eye  can  most  com- 
fortably endure. 

(3)  That  working  with  insufficient  light 

is  a  greater  evil  than  working  with 
sufficient  (or  more  than  sufficient) 
though  unshaded  light. 

(■i)  That  it  would  be  to  the  advantage 
of  workers  if  the  use  of  unshaded 
lights  of  a  greater  intrinsic  bril- 
liancy than  5  c.p.  per  sq.  inch  of 
fighting  surface  were  prohibited. 

(5)  That  adequate  and  properly  shaded 
local  illumination  is  the  best  form 
of  lighting  for  near  work. 

Dr.  Young  then  passes  to  a  review  of 
the  advantages  and  disadvantages  of  gas 
as  compared  with  electric  fight.  He 
disbelieves  the  statements  usually  made 
as  to  the  polluting  effect  of  gas  on  the 
atmosphere,  and  gives  it  as  his  opinion 
that  there  is  no  truth  worth  considering 
in  the  carbonic  acid  theory  ;  but  that 
there  is  some  vitafising  constituent  in 
fresh  as  compared  with  polluted  air,  the 
nature  of  which  has  not  yet  been  dis- 
covered. From  the  hygienic  point  of 
\'iew  there  is  nothing  to  choose  between 
gas  and  electric  light.  So  far  as  the  eye 
is  concerned  the  risk  is  greater  from 
electric  light  than  from  gas.  Investiga- 
tions are  needed,  by  which  deterioration 
of  internal  decorations  by  gas  could  be 
rendered  easily  preventable. 

The  principal  faults  of  artificial  light 
are  enumerated  and  the  chief  of  these  dis- 
cussed in  detail.  Finally,  Dr.  Young 
passes  to  the  consideration  of  the  lighting 
of  factories,  schools,  hospitals,  dwelling- 
houses  and  shops.  He  puts  in  a  strong 
plea  for  further  and  better  attention  being 
given  to  the  case  of  the  clerk  in  par- 
ticular who,  he  states,  seems  to  have 
almost  altogether  escaped  protective 
legislation. 

In  connection  with  factorv  lighting,  he 
remarks  : — 

How  often  is  an  ilhuninating  engineer 
called  in  to  advise  about  a  lighting  sclieme 
for  any  building  ?  Yet  illuminating 
engineering  work,  thougli  young  in  tlie 
field,  has  made  strides  wliich  leave  ventila- 
tion engineering  centuries  behind  and  a 
sovmd  illuminating  engineer  can  not  only 
save  povmds  in  initial  and  subsequent  cost, 
but  can  niaterially  assist  in  the  conserva- 
tion of  eyesight. 
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In  the  case  of  schools  he  discusses 
some  of  the  findings  of  the  Special 
Committee  recently  appointed  by  the 
Illuminating  Engineering  Society,  and 
urges  that  a  somewhat  higher  standard 
than  recommended  by  the  majority  of 
that  Committee  is  desirable.  The  relative 
advantages  and  disadvantages  of  direct,  in- 
direct, and  emi-indirect  methods  of  light- 
ing as  used  in  schools  are  concisely  sum- 


marised ;  semi-indirect  lighting  appears 
to  appeal  most  strongly  to  Dr.  Young, 
though  he  names  certain  common  faults 
of  this  system  which  are  capable  of  easy 
rectification. 

For  school  lighting  the  three  systems, 
direct,  indirect,  and  semi-indirect,  appear 
to  possess  the  following  advantages  and 
disadvantages  : — 


Direct 


Indirect 


Semi-Indirect 


Advantages. 

Easy  to  arrange  for  a  con- 
siderable amount  of  light 
reflected  on  to  the  working 
plane. 

Broken  fittings  easy  to 
replace. 

Reflection        from        shining 
surfaces  not  marked  if  imits 
well  distribvited. 
Energy  consumption  low. 


Disadvantages. 

Dust  and  dirt  apt  to 
collect  on  fittings.  If  too 
few  points  installed  or 
tliese  placed  too  low  dis- 
concerting shadows  are 
caused. 

Shinuner  due  to  reflection 
from  paper  marked,  unless 
units  placed  high  up. 


Perfect  relief  frona  glare.  Energy  consumption  com- 

Shinamer  from  paper     paratively  high. 


absent. 

Harmful  shadows  avoided. 


Adequate  relief  from  glare. 
Shimmer     from     paper     pre- 
sent though  almost  negligible 
in  amount. 

Harmful  shadows  rare. 
Easy  to  arrange  for  an  ade- 
qviate    amount    of    light    on 
working  plane. 


Bright  reflection  frona  walls 

and  ceiling   physiologically 

undesirable. 

Spares  not  always  readily 

available. 

Very    difficult    to    arrange 

for    an    adequate    amount 

of  light  to  be  reflected  on 

to  working  plane. 

Energy  consumption  abovit 
the  same  as  for  direct 
lighting. 

Bright  reflection  from 
ceiling  and  walls  much 
less  than  with  indirect 
methods  though  still  pre- 
sent. 


Dr.  Young  criticises  strongly  the 
methods  commonly  employed  in  lighting 
hospitals  and  urges  the  employment  here, 
as  indeed  in  all  establishments  where 
adequate  and  comfortable  lighting  is  of 
consequence,  of  an  expert  in  illumina- 
tion. 

The  prevalent  inadequate  lighting  of 
kitchens,  sculleries,  and  butlers'  and 
housemaids'  pantries,  constitutes  a 
very  real  hygienic  danger.  From 
the    disease-prevention    point    of    view 


these  should  undoubtedly  be   the  best- 
lighted  parts  of  any  house. 

Dr.  Young  regards  it  as  economically 
unsound  policy  to  create  light  sources  of 
immense  candle-power  and  then  to  intei- 
pose  shades,  globes,  and  reflectors  to  miti- 
gate any  possibly  injurious  effects.  The 
real  issue  between  gas  and  electric  light 
has  been  narrowed  down  to  one  of  cost, 
and  provided  the  service  was  adequate  and 
hygienic  the  public  must  be  guided  by 
the  bill  they  are  called  upon  to  pay. 
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THE   ECONOMY   OF    EFFICIENT   LIGHTING. 

Good  Lighting  as  an  Aid  to  Increased  Output  and  a  Safeguard  against 

Accident. 

By  Franklin  Thorp. 

(Abstract  of  Paper  Read  at  a  Conference  on  "  Some  Aspects  of  Scientific 
Illumination,"  at  the  National  Gas  Congress  and  Exhibition,  on  Friday, 
17th  October,  1913.) 


In  the  introduction  to  his  paper  Mr. 
Thorp  referred  to  the  honour  conferred 
on  the  Conference  by  having  Lord  Ray- 
leigh  in  the  chair,  and  to  the  papers  just 
presented  by  Mr.  Leon  Gaster  and  Dr. 
T.  Meredith  Young. 

The  two  chief  requirements  in  industrial 
Hghting  were  the  provision  of  sufficient 
industrial  illumination  and  the  avoidance 
of  glare.  The  latter  may  be  illustrated 
by  reference  to  the  experience  of  a  pedes- 
trian encountering  the  searchlight  of  a 
motor  car  on  a  dark  night. 

People  have  begun  to  be  impressed  by 
the  need  for  good  illumination  on  hygienic 
and  scientific  grounds,  but  an  infinitely 
stronger  argument  with  manufacturers  is 
the  question  of  £  s.  d.  We  may  take  it 
as  a  truism  that  shops  which  are  badly 
lighted  cannot  possibly  turn  out  the  best 
class  of  work,  and  that  the  trades  re- 
quiring the  most  careful  examination  are 
the  first  to  appreciate  the  value  of  proper 
illumination. 

The  Lancashire  factory  master  in 
general  is  keen  to  recognise  the  value  of 
anything  that  will  increase  his  turnover 
or  the  quality  of  his  goods,  and  for  many 
years  the  provision  of  proper  access 
of  daylight  has  been  carefully  considered 
in  the  construction  and  design  of  mills. 
A  common  arrangement  is  a  series  of 
"  inverted  saw-toothed  "  panes  having  a 
very  large  glass  area.  Yet  the  importance 
of  good  artificial  illumination,  which  is 
surely  equally  great,  is  still  insufficiently 
realised.  Mr.  Andrews,  General  Manager 
of  the  Gas  Department  at  Oldham, 
recently  took  a  census  of  the  burners  in 
the  works  of  mills  of  that  city,  and  was 
surprised  to  find  that  there  were  still 
49,436  flat-flame  burners  in  use.  A  series 
of  tests  in  18  mills  recently  showed  an 


average  maximum  of  32  foot-candles  and 
a  minimum  of  8-6  foot-candles  by  day- 
light as  compared  with  0-62  foot-candles 
with  flat  flame  burners  and  0-58  to  1-2 
foot-candles  with  carbon  filament  electric 
lamps.  This  shows  the  need  for  reform. 
Mr.  FrankUn  Thorp  declares  that  there 
is  no  reason  why  these  out  of  date  and 
inefiicient  illuminants  should  be  used  in 


Fig.  1. — Illumination  of  drawing-in  or  twisting 
in  frame  by  local  shaded  light. 

mills,  now  that  so  many  more  efficient 
methods  are  available.  Many  thousands 
of  inverted  incandescent  burners  are 
being  installed  yearly  in  Manchester, 
and  by  this  means  as  much  as  6—8  foot- 
candles  can  be  obtained  on  the  loom. 
These  sources  are  equipped  with  suitable 
reflectors  and  are  commonly  placed  6  ft. 
6  in.  high. 

d2 
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Experience  shows  that  not  only  does 
this  improved  illumination  pay  hand- 
somely by  leading  to  better  work  and 
improved  output,  but  the  workers  are 
more  contented.  Many  cases  have  been 
known  of  weavers  leaving  one  firm  to  go 
to  another  simply  on  account  of  the 
improved  illumination,  and  in  one  or  two 
cases  a  strike  has  only  been  averted  by 
hurrying  on  the  lighting  of  a  shed  ! 

It  is  difficult  to  get  details  of  the 
improved  output  from  manufacturers, 
but  a  rough  criterion  is  the  amount  of 
wages  paid  to  weavers.  Thus  in  one  of 
the  best-lighted   mills  the  wages  for  the 


2,500  threads  breaks  for  any  length  of 
time  the  broken  thread  would  get  en- 
tangled with  others  and  would  cause  a 
general  breakage  and  stoppage.  It  is 
therefore  well  worth  while  to  provide  a 
good  illumination  such  as  would  enable 
the  worker  to  detect  any  such  mistake  at 
the  earliest  possible  moment. 

It  is  a  striking  fact  that  the  cost  of 
lighting  in  mills  is  usually  a  very  small 
proportion  of  the  wages.  For  example, 
Mr.  Thorp  mentions  a  mill  where  the 
lighting  costs  are  only  0-2  per  cent,  of 
the  wages  bill,  so  that  it  requires  very 
little    extra    turnover    to    pay    for    the 


Fig.  2. — Showing  the  complicated  series  of  hundreds  of  bobbins  of  varioas  shades 
and  colours,  and  the  larcre  number  of  threads  in  a  sectional  warping  frame. 
Here  good  general  illumination  is  absolutelj^  vital. 


ten  weeks  ending  December  18th  were 
£2,498,  and  for  the  ten  weeks  ending 
October  9th  £2,941,  showing  that  in  spite 
of  the  diminished  daylight  the  turnover 
was  equal  to  that  during  the  summer 
months.  Probably  in  a  badly  lighted 
mill  the  turnover  would  be  decidedly  less. 
But  another  point  to  be  considered  is 
the  quality  of  the  work.  In  a  modern 
mill  a  woman  would  probably  attend  to 
3  or  4  looms.  Now  each  loom  has  a 
shuttle  which  works  at  about  200  picks 
per  minute,  the  warp  in  the  loom  averages 
some  2,500  threads  in  a  space  of  28  inches 
and  the  shuttle  must  pass  through  this 
200   times    a   minute.     If   one   of   these 


improved  lighting  many  times  over. 
(The  Insurance  Act  provision  comes  out 
to  0-36  per  cent. — nearly  double  the 
lighting  cost.)  It  is  singular  to  notice 
how  two  weavers  working  side  by  side 
will  vary  greatly  in  skill,  one  weaver 
earning  25  to  30  shiUings,  while  the  other 
never  earns  more  than  21  shillings  a  week. 
Such  differences  make  it  difficult  to  com- 
pare accurately  results  in  various  mills  ; 
but  it  is  unquestionable  that  the  con- 
ditions of  illumination  will  have  a  decided 
effect  on  the  amount  of  work  that  can  be 
done,  and  the  money  earned. 

In  conclusion,  Mr.  Thorp  refers  to  some 
of  the  tests  carried  out  bv  Mr.  D.  K. 
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Wilson  and  his  recommendations  on 
factory  lighting.  In  mills  where  there  is 
machinery  in  motion  a  medium  gas  pres- 
sure is  preferable  to  a  very  high  one. 
Mr.  Thorp  recommends  three  inches  pres- 
sure at  the  meter  raised  by  compression 
to  12  inches  in  the  building.  This  would 
enable  a  fairly  good  light  to  be  obtained 
even  if  the  compressor  stopped — a  matter 
of  great  importance  as  many  accidents 
have  occurred  through  sudden  light 
failure  whilst  the  machinery  has  been  in 
motion. 

Another  matter  of  consequence  in 
mills  is  avoidance  of  the  burner  being 
choked  by  particles  of  dust  or  flufE.  One 
method  of  avoiding  this  is  to  provide  a 
burner  with  a  mixture  of  gas  and  air 
prepared  at  the  compressors,  so  that  little 


of  the  external  air  carrying  fluff  and  dust 
enters  into  the  burners. 

In  conclusion,  Mr.  Thorp  refers  to  some 
instances  of  accidents  owing  to  insuffi- 
cient lighting.  By  the  courtesy  of  the 
Federation  of  Master  Cotton  Spinners  he 
has  obtained  the  number  of  accidents 
occurring  in  spinning  and  weaving  de- 
partments during  the  various  months  of 
the  year.  The  statistics  are  affected  by 
the  progressive  increase  in  the  numbers 
of  looms  and  shuttles  at  work,  but  it  is 
interesting  to  note  that  there  is  clear 
evidence  of  a  tendency  for  more  accidents 
to  occur  during  the  dark  months,  and 
that  during  the  period  March  to  August 
a  distinct  decrease  in  the  number  of 
accidents     occurs. 


[VKe  propose  to  deal  with  the  papers  presented  at  the  Conference  of 
Manufacturers  on  Oct.  29th,   in  our  next  number. — £c/.] 


SOME   NOTES   ON   THE   LIGHTING   OF  THE   IDEAL 
HOME    EXHIBITION, 

By  an  Engineering  Correspondent. 


Good  illumination  is  surely  an  essential 
in  "  the  ideal  home,"  and  hghting  should 
naturally  play  a  part  at  an  exhibition 
bearing  this  name.  Last  year  reference 
was  made  to  the  arrangements  at  a  similar 
exhibition  held  at  Olympia.  It  was 
pointed  out  that  in  many  of  the  model 
houses  shown  the  lighting  arrangements 
were  attended  to  in  a  rather  casual 
manner,  bare  filaments  in  shallow 
"  crinkly  "  glass  shades  being  common. 
It  must  be  owned  that  a  similar  criticism 
might  again  be  levelled  at  much  of  the 
hghting  at  this  exhibition,  both  in  the 
model  houses  and  on  many  of  the  stalls. 
The  standard  of  lighting  in  the  latter,  how- 
ever, is  uneven.  In  some  cases  bare  lamps 
were  much  in  evidence ;  in  others  concealed 
lights,  semi-indirect  methods  and  orna- 
mental shaded  table  lamps  were  tastefully 
employed.  In  the  toy  section  in  the 
galleries,  one  found  rows  of  stalls  lighted 


on  a  uniform  system  by  3-light  pendants 
carrying  exposed  lamps  ;  while  a  little 
further  on  rows  of  concealed  lamps  were 
used  for  stalls  of  a  very  similar  kind. 
In  the  latter  case  proper  reflectors  were 
not  as  a  rule  fitted  to  the  lamps,  and  this 
impaired  what  might  otherwise  have 
been  a  good  eft'ect. 

On  the  ground  floor,  however,  there 
were  quite  a  number  of  tasteful  displays, 
silk  lampshades  carrying  Chinese  and  other 
patterns,  and  rooms  decorated  in  French, 
Dutch  and  other  styles,  and  having 
lighting  fixtures  of  the  same  period. 
There  were  also  quite  a  number  of  stalls 
devoted  to  lighting  appliances.  The 
South  Metropolitan  Gas  Company  had  a 
large  stall,  equipped  with  various  types 
of  shades,  and  liaving  round  it  a  circle 
of  inverted  l)uniers  in  Holophane  reflect- 
ors, and  there  were  also  various  petrol 
air  gas  systems  in  evidence. 
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The  item  attracting  most  attention 
was  undoubtedly  the  "  Maison  Elec- 
trique,"  exhibited  by  the  Electric  Supply 
Publicity  Committee.  A  queue  was  in 
continuous  process  of  formation,  and  it 
was  stated  that  as  many  as  15,000 
people  passed  through  the  house  in  one 
day. 

The  miniature  garden  entrance  was 
graced  by  a  playing  fountain  illuminated 
from  below  with  changing  colours,  and 
the  house  contained  reception  room, 
dining  room  and  kitchen,  all  heated  and 
lighted  by  electricity.  Examples  of  direct, 
indirect  and  semi-indirect  fittings  were 
on  view.  The  dining  room  was,  perhaps, 
over-lighted,  but  no  doubt  this  was  con- 
sidered necessary  to  attract  attention. 

This  room  was  the  chief  centre  of 
interest,  the  table  being  equipped  with 
floral  decorations  with  miniature  lamps 
concealed  in  them,  and  an  ingenious 
"  railway  and  lift  "  service  "  by  which 
a  complete  dinner  may  be  served  from 
below  without  the  visible  intervention  of 
servants."  The  way  the  dishes  popped 
up  through  the  hole  in  the  table  was  a 
constant  source  of  entertainment  to 
visitors. 

As  regards  the  general  lighting  of  the 
exhibition,  it  may  be  noted  that  the  arc 
lamps  are  now  concealed  in  iron-work 
baskets,  giving  a  somewhat  original, 
imitation  antique  effect.  In  the  Russian 
Village,   however,   the  flame   arcs   shone 


unadorned,  and  the  brilUant  Hghting 
by  metallic  filament  lamps  in  some  of  these 
externally  humble  village  buildings  also 
struck  one  as  out  of  keeping  with  the 
surroundings. 

Reference  has  been  made  above  to  the 
idea  of  showing  rooms  decorated  in  a 
certain  style  and  illuminated  by  hghting 
fixtures  to  match — a  very  effective  form 
of  exhibit.  In  some  of  the  rooms  in  the 
gallery  some  highly  novel  modern  efforts 
were  shown.  In  one  case  the  sole 
source  of  light  was  a  lamp  con- 
cealed behind  a  gilt  decoration  over 
the  mantelpiece.  In  the  "  Moonlight 
Sonata "  room  a  striking  scheme  of 
decoration  in  dark  green  and  grey,  with 
grey  metal  pedestals  and  hlies,  was  used  ; 
the  sources  of  light  being  two  antique,  but 
gracefully  formed  oil-lamps  in  the  corners. 

There  were  also  rooms  done  in  the 
Watteau,  Russian  and  other  styles.  In 
several  of  these,  also,  exceptional  use 
of  light  for  pictorial  or  symbolic  effect 
was  made.  In  such  cases  the  lights  and 
decoration  should  be  regarded  as  forming 
a  picture — an  artistic  creation- — rather 
than  as  exemplifying  an  actual  Hving 
room.  In  most  instances  the  light 
derived  from  the  illuminants  in  the  room 
would  not  have  sufficed  to  show  it  off 
properly,  and  concealed  lights  in  the 
foreground,  not  forming  part  of  the 
picture  and  having  the  functions  of  foot- 
lights on  the  stage,  had  to  be  employed. 


Zhc  3Uuininatiiu3  Enoineenng  Society. 

(FOUNDED   IN   LONDON,    1909.) 

OFFICIAL  ANNOUNCEMENT  OF  FIRST  MEETING  OF  THE  SESSION 

(To  be  held  in  the  House  of  the  Royal  Society  of  Arts,  18,  John  Street,  Adelphi, 
London,  at  8  p.m.  on  Tuesday,  Nov.  18th,  1913.) 

At  this  meeting  the  Hon.  Secretary  (Mr.  L.  Gaster)  will  present  a  short  report 
on  progress  during  the  vacation,  and  Mr.  F.  W.  Goodenough  (Chairman  of  the  Council). 
and  Dr.  James  Kerr  respectively  will  give  some  account  of  the  pioceedings  at 
The  National  Gas  Exhibition  and  The  Fourth  International  Congress  on  School 
Hygiene,  liold   at  Buffalo  during  last  September. 

_  Subsequently  a  series  of  photographs  illustrating  Shadow  Effects  by  Natural  and 
Artificial  Light  will  be  presented  by  Messrs.  J.  S.  Dow  and  V.  H.  Mackinney. 
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INDIRECT  AND  SEMI-INDIRECT   ILLUMINATION   IN  A 

SMALL    HOUSE. 

By  an   Engineering   Correspondent, 


A  GREAT  deal  is  often  made  of  the 
possibilities  of  semi-indirect  and  indirect 
lighting  for  large  halls  and  mansions. 
But  it  is  perhaps  hardly  sufficiently 
recognised  how  convenient  such  methods 
often  are  for  the  hghting  of  quite  small 
rooms.  The  illustrations  showing  the 
value  of  this  method  in  a  suburban  villa 
may  therefore  be  of  interest. 

Figs.  1  and  2  illustrate  the  use  of  semi- 
indirect  lighting  in  a  drawing  room  which 


to    the    walls    seems    to    be    considered 
correct. 

A  small  room  can  thus  be  hghted  quite 
well  by  a  single  central  unit.  The  con- 
sumption of  electricity  in  this  case 
is  less  than  J  watt  per  sq.  ft.  In  a 
larger  drawing  room  it  would  doubtless  be 
necessary  to  use  wall  brackets  as  well  as 
a  central  unit  in  order  to  prevent  the  illu- 
mination falling  too  low  near  the  walls ; 
too  dimly-lighted  corntrs  give  a   rather 


Fig.   1. — Drawinj'  Room  lif^htcd  by  ;i  siiia-le  central  alabaster  setni-indirect  unit. 


is  approximately  19  ft.  long  and  12  ft. 
broad.  It  is  completely  lighted  by  a  single 
alabaster  bowl  containing  thr^e  20-watt 
lamps.  The  illumination  in  the  centre  of 
the  room  is  about  1-8  foot-candles  and  in 
the  far  corners  is  still  above  .2  foot-candle. 
Over  one  foot-candle  is  available  over  all 
parts  of  the  room  where  reading  may  be 
necessary  ;  and  from  the  artistic  stand- 
point the  gradual  diminution  of  illumina- 
tion from  the  centre  of  a  drawing  room 


dismal  effect.  The  consumption  in  such 
cases  would  necessarily  be  somewhat 
less.  The  use  of  wall  brackets  is  not  an 
economical  method,  and,  being  so  near 
th  eye-level,  the  lights  have  to  be  man- 
aged rather  judiciously  in  order  to  avoid 
glare.  (It  is  a  common  error  in  such 
brackets  to  use  lamps  of  too  high  candle- 
power  ;  10  1.5  c.p.  would  often  be 
sufficient.)  In  a  small  room,  therefore, 
a  single  central  semi-indirect  unit  may  be 
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conveniently  applied,  especially  if  the 
walls  are  fairly  light.  In  this  case  pro- 
vision has  also  been  made  for  standards 
or  portable  lamps  by  appropriate  wall 
plugs.  The  illustrations  show  that  the 
difEusion  of  light  is  good  and  yet  the 
degree  of  contrast  is  quite  sufficient  to 
give  the  room  a  cheerful  appearance.  The 
following  average  surface-brightness  val- 
ues may  be  of  interest : — 

Surface  of  alabaster  bowl,  80  f.c. 

Ceihng,  brightest  central  portion,  8  f.c.  ; 
edges,  1  f.c. 

Walls,  0-2-6  f.c.  (near  fireplace). 

Carpet,  0-05  f.c. 

A  point  still  to  be  determined  for  semi- 
indirect  lighting  is  the  desirable  ratio 
between  the  brightness  of  the  bowl  and 
that  of  the  ceiling  ;  one  would  also  like 
to  know  the  best  relation  between  the 
brightness  of  walls  and  ceiUng.  In  this 
case  the  installation  complies  excellently 
with  Weber's  recommendation  for  the 
avoidance  of  glare,  i.e.,  that  the  ratio 
between  the  brightest  object  and  its 
background  should  not  exceed  100  :  1. 
For  the  surface  lighting  of  the  bowl  is  only 
80  times  the  brightness  of  the  darkest 
part  of  the  ceiUng,  and  its  absolute  value 
is  only  0-2  c.p.  per  sq.  in.  (approx.) 

Fig.  3  (see  p.  577)  shows  a  novel 
indirect  lighting  fitting  in  use  in  the  dining 
room  of  the  same  house.  Here  again  the 
light  is  pro\'ided  by  a  single  central  fitting 
containing  eight  20-watt  lamps.  The  hori- 
zontal illumination  in  the  room  is  1-8-24 
foot-candles — decidedly  more  uniform, 
therefore,  than  in  the  drawing  room. 
The  consumption  of  electricity  works  out 
to  about  06  watts  per  sq.  ft. 

The  surroundings  in  this  room  are 
distinctly  dark,  compared  with  those  in 
the  drawing  room.  The  wallpaper  is 
brown  and  even  the  ceiling  carries  a 
pattern  and  is  not,  strictly  speaking,  a 
"  dead  white."  In  the  circumstances,  the 
difEusion  of  the  light  is  good — in  a  sense 
too  good,  since  the  general  effect  shows 
rather  insufficient  contrast.  In  this  room 
double  switching,  enabling  four  lamps  to 
be  used  at  a  time,  was  provided :  but  in 
order  to  give  the  room  a  cheerful  appear- 
ance it  is  found  necessary  to  have  all  the 
eight  lamps  on  simultaneously. 

The  range  of  brightness  is  somewhat 
less  than  in  the  drawing  room,  as  the 
following  figures  show  : — 


Surface  brightness  of  ceihng  : — 

Centre     . .  . .  . .  . .  30   f.c. 

Edge       ..  ....  2     „ 

Surface  brightness  of   white  frieze  1-8,, 
,,                 ,,           brown  wall- 
paper     . .  0-5  ,, 
,,                 „           oak  mantel- 
piece      . .  0-08,, 
,,                 ,,           carpet      . .  0-2  ,, 

The  shape  of  the  indirect  fitting,  which 
is  built  up  of  lamps  in  trough  reflectors, 
is  novel  and  has  some  advantages  over 
the  usual  bowl  type.  The  fact  that  the 
illuminated  ceiling  can  be  seen  through 
the  aperture  in  the  centre  of  the  fitting 
seems  to  remove  the  impression  of  "  flat- 
ness "  sometimes  complained  of  in  indirect 
installations,  and  gives  a  lighter,  more 
dainty  effect  than  a  sohd  bowl  silhouetted 
against  a  white  ceiling. 

Indirect  lighting  is  somewhat  unusual 
in  a  dining  room,  where  the  ideal  method 
is  generally  considered  to  be  a  moderate 
general  illumination  supplemented  by 
strong  local  lighting  on  the  table  by  a 
well-shaded  central  unit.  This  view  is 
doubtless  the  correct  one  to  take  in  a 
comparatively  large  house  where  the 
dining  room  is  rarely  used  except  for 
meals.  But  in  a  small  house^  where  it  is 
probably  used  for  reading  and  writing 
as  well,  indirect  and  semi-indirect  methods 
have  their  uses.  Another  point  to  be 
noted  is  that  in  small  rooms  the  introduc- 
tion of  armchairs  beside  the  fire  often 
leads  to  the  table  not  being  central.  In 
this  case  a  low-hanging  lamp  is  apt  to 
come  over  the  chairs  on  one  side  of  the 
table,  instead  of  over  the  centre — an 
absurd  arrangement  that  is  readily 
obviated  by  using  an  indirect  fitting 
hung  near  the  ceiling. 

In  conclusion  a  few  words  may  be  said 
regarding  the  photographs  accompanying 
this  article.  These  are  taken  entirely  by 
the  actual  hght  in  the  rooms,  and  are  not 
retouched  in  any  way.  The  conditions 
of  exposure  and  development  were 
regulated  \^4th  a  vi:W  to  reproducing  the 
actual  appearance  of  the  interior. 

But  the  conditions  illustrated  in  the 
short  note  following  this  article  show  that 
photography,  besides  being  capable  of 
faithfully  portra^^ng  the  real  appearance 
of  an  object,  can  also  be  used  to  produce 
an  entirelv  false  effect- 
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Fig.  2.— Another  view  of  the  Drawing  Hoom  lighted  by  a  single  semi- indirect 
ahibaster  bowl  unit.  The  consumption  of  electricity  is  about  ^  watt  per 
sq.  ft.  ;  the  illumiiiatioii  I'S  ft. -caudles  under  the  lamp  and  05  ft. -candle 
near  the  walls. 

{Natnral  Photoijraph  taken  by  Arlijrcial  Li<jht). 
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DAYLIGHT  AND   NIGHT— WHICH   IS   WHICH? 


The  two  photographs  shown  below  were 
taken  outside  the  house  referred  to  in 
the  previous  article. 

The  picture  on  the  left  was  taken  in 
broad  daylight — that  on  the  right  at 
dusk. 

The  photographs  have  not  been  retouched 
in  any  way.  No  flashlight  was  used  and 
the  pictures  were  taken  merely  by  the  light 
prevailing  in  the  street  at  the  time.  All 
that    has    been    done    is    to    adjust    the 


graph,  of  course,  reveals  a  great  deal 
that  was  actually  indistinguishable  to  the 
eye. 

These  two  illustrations  may  be  of 
interest  as  showing  what  widely  different 
results  can  be  obtained  in  photography, 
even  when  the  picture  is  taken  without 
such  extraneous  aid  as  flashhght,  and  there 
is  no  retouching.  Photography,  wisely 
used,  can  render  invaluable  aid  in  con- 
trasting different  conditions  of  hghting. 
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View  by  full  daylight. 


View  taken  at  dask. 


exposure  and  development  so  as  to  make 
the  pictures  as  much  alike  as  possible. 
On  close  examination  a  shadow  on  the 
roof  of  the  house  on  the  left  shows  that 
this  picture  was  taken  in  full  sunshine. 
Similarly  the  fact  of  the  lights  being 
visible  in  the  hall  and  through  the  windows 
in  the  right  hand  view  suggests  that  this 
was  taken  in  the  night-time.  Otherwise  the 
pictures  might  both  equally  well  have 
been  taken  in  daylight.     The  night  photo- 


But  the  above  illustrations  show  that 
some  discretion  should  be  used  in  inter- 
preting photographs  professing  to  illus- 
trate the  appearance  of  an  interior 
"  before  and  after  "  a  certain  system  of 
lighting  is  installed.  In  all  such  cases  one 
would  like  to  have  confidence  that  the 
problem  has  been  treated  in  an  impartial 
manner,  and  that  a  conscientious  effort 
has  been  made  to  represent  conditions  as 
they  really  are. 
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Fig.  3.— Dining  Room  lighted  by  novel  form  of  indirect  unit.       (See  p    ^ui.) 

The  use   of  a  square  frame  with  central   aperture   hel))S  to  relieve  the  black 

appearance  of  a  solid  object  seen  silhouetted  against  a  bright  ceiling. 

{Natural  Photograph  taken  bii  ArtiHcial  Light.) 
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LIGHTING  OF  A  PHOTOGRAPHIC  DARK  ROOM. 


It  is  rather  odd  that  photographers 
— very  careful  people  in  many  respects — 
are  apt  to  lose  sight  of  the  importance 
of  suitable  lighting  in  the  dark  room. 
The  ruby  lamps  are  carefully  selected 
for  safety  as  regards  their  effect  on 
plates  ;  but  very  often  little  attention 
is  paid  to  the  way  the  light  is  distributed. 
It  is  decidedly  inconvenient  in  a  dark 
room  to  be  unable  to  see  an  inch  before 


having  a  whitened  interior,  and  a 
diffusing  white  glass  plate  in  front. 
It  is  open  at  the  top.  It  contains  two 
lamps,  one  white  and  one  ruby,  con- 
trolled by  the  two-way  switch  at  the 
side  of  the  box.  By  this  means  the 
operator  can  immediately  change  over 
from  red  to  white  light  and  flood  the 
room  with  light  when  it  is  safe  to 
do   so. 


one's  nose,  and  to  have  to  grope  for 
bottles  in  the  dark  ;  and  it  is  usually 
unnecessary.  A  dark  lamp  can  be 
arranged  to  give  a  good  light  by  which 
to  watch  development  and  also  to  throw 
sufficient  illumination  about  the  room, 
without  danger  of  fogging  ordinary 
types  of  plates. 

The  device  shown  in  the  illustration 
is  one  suggested  method  of  dealing  with 
the    problem.     It    consists    in    a    box, 


The  filaments  are  completely  screened 
from  the  eye  and  the  illuminated  white 
glass  plate  makes  an  excellent  background 
for  the  inspection  of  negatives.  The 
fact  of  the  box  being  open  allows  a 
considerable  amount  of  light  to  strike 
the  white  ceiling  and  walls ;  this 
diffusion  is  very  useful  in  illuminating 
all  parts  of  the  room.  The  photograph 
shows  that  shelves,  bottles  and  sink  are  all 
quite  sufficiently  visible. 
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SHORT    NOTES 

ON 

ILLUMINATING    ENGINEERING. 


ILLUMINATED  BANNERS  AT  THE 
PANAMA  EXHIBITION. 

From  time  to  time  we  hear  rumours 
of  the  vast  scheme  of  lighting  being 
arranged  at  the  forthcoming  Panama 
Exhibition. 

In  Popular  Mechanics  an  account  is 
given  of  some  illuminated  banners  which 
will  form  a  novel  spectacular  device. 
Luminous  arcs  mounted  on  standards 
55  ft.  high  will  illuminate  canvas  banners, 
eight  feet  across,  as  shown  in  the 
illustrations. 

The  sides  of  the  banners  are  to  be 
boxed  in  with  white  canvas,  thus  diffusing 
the  light  and  giving  an  even  illuminated 
surface  and  throwing  the  emblematic 
device  into  a  soft  glow. 

It  is  stated  that  thousands  of  these 
banners  will  be  used. 


LANTERNS 

According  to  the  Electrical  Review 
(Chicago)  the  government  regulations, 
log-rafts  on  the  Columbia  River  (U.S.A.) 
— unquestionably  the  largest  rafts  in  the 
world — can  only  be  towed  down  by 
night.  During  the  day  their  passage 
would  interfere  too  much  with  tlie 
ordinary  navigation  on  the  river. 


ON  RAFTS. 

The  rafts  must  therefore  be  equipped 
with  lights  fore  and  aft.  Small  4  c.p. 
tungsten  lamps  are  used  for  the  purpose. 
They  receive  current  from  an  accumulator 
having  a  capacity  of  100  amp.-hrs.,  the 
cell  being  slung  on  ropes  at  a  considerable 
height  above  the  raft  so  as  not  to  be 
affected  by  the  wash  of  heavy  seas. 


580 


THE    ILLUMINATING    ENGINEER 


ANOTHER  ELECTRICALLY  LIGHTED  LAWN  TENNIS  COURT. 


We  see  in  the  Electrical  Review  and 
Western  Electrician  an  account  of  the 
•electric  lighting  of  an  out-door  gravel 
lawn  tennis  court  in  Chicago.  In  this 
•case   (as  in  the  Liveipool  covered  court 


enamelled  reflectors  and  are  slung  on 
wires  carried  along  the  sides  of  the 
court  12-13  ft.  above  the  ground. 
The  consumption  of  electricity  is  approxi- 
mately 1'2  watt  per  square  foot. 


described  in  our  last  number)  the  lamps  The   court  is   said   to   be   in   constant 


are  placed  at  the  side  of  the  court; 
twenty-four  250- watt  tungsten  lamps 
•being  employed. 

The   lamps   are   equipped   with   white 


demand  in  the  summer  evenings.  The 
cost  of  the  installation  was  $250  and  the 
expense  of  lighting  the  court  amounts  to 
about  60  cents  (2s.  6d.  roughly)  per  hour. 


CONGREGATION  SUMMONED  BY  ELECTRIC  LIGHTS. 


According  to  Popular  Mechanics,  a 
•church  in  Chicago  is  using  powerful 
arc  lamps  instead  of  bells,  in  order  to 
summon  the  congregation  to  evening 
worship.  The  arcs  are  fixed  on  the 
top  of  the  church  steeple  so  as  to  be 
visible  from  afar. 

Besides  announcing  the  beginning  of 
the  service  these  arcs  are  kept  burning 
while  it  is  in  progress  so  as  to  attract 
the     notice     of    late    comers     and     let 


them    know   that    there   is   "  something 
doing." 

This  is  yet  another  instance  of  the  eye 
being  used  in  place  of  the  ear  as  a  means 
of  conveying  information.  Some  caution 
would  seem  necessary  as  regards  the 
intrinsic  brilliancy  of  these  lights. 
People  sometimes  complain  of  the  offence 
to  the  ear  of  innumerable  chiming  bells. 
Are  these  to  be  replaced  by  the  shock  to 
the  eye  of  innumerable  strong  lights  ? 
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CORRESPONDENCE. 


NATURAL    LIGHTING    OF    SCHOOLS. 


Sir, 

All  who  are  interested  in  the  fascina- 
ting problems  of  daylight  ilhuiiination 
will  welcome  the  evidence  of  careful 
investigation  shown  in  Dr.  Gibson  s 
Report  on  the  Cheshire  Schools,  sum- 
marised on  page  449  of  your  October  issne. 
But  T  venture  to  point  out  that  the  value 
of  nuich  of  the  data  acquired  is  vitiated 
by  inconsistencies,  probably  due  to  the 
fact  that,  whereas  the  inside  illumination 
was  measured  with  a  photometer,  the 
outside  ilhuiiination  existing  at  the  time 
when  the  record  was  made  was  measured 


distance  from  the  back  wall,  are  all 
identical  and  the  measurements  were 
taken  within  an  hour  of  each  other. 
The  second  observation  of  the  outside 
daylight  shows  a  drop  from  3  to  1, 
whereas  the  inside  illumination  only  fell 
from  2J  to  1,  the  blackboard  illumination 
only  fell  from  IJ  to  1,  and  the  maximum 
actually  rose.  I  have  endeavoured  to 
average  the  results  in  cases  where  one 
actinometer  value  and  one  height  of 
window  are  given  by  raising  or  reducing 
all  the  minimiun  illuminations  so  as  to  be 
consistent  with  an  actinometer  value  of  50 
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by  the  effect  upon  photographic  paper. 
The  latter  is  peculiarly  sensitive  to  liglit 
from  blue  sky,  which  is  an  extremely 
poor  agent  for  lighting  interiors.  Unless 
measurements  of  the  daylight  ilhmiination 
in  rooms  can  be  accurately  co-ordinated 
with  the  outside  illumination  upon  which 
it  depends  sucli  measurements  are  practi- 
cally useless. 

As  an  example.  Cases  4  and  5  in  the 
table  are  evidently  similar  rooms  in  the 
same  school,  the  ratio  of  glass  to  floor 
area,     the    height    of    window    and    its 


(as  suggested  in  the  Report),  and  with 
a  ratio  of  glass  to  floor  area  of  1,  and 
plotting  the  minimum  illuminations  as 
ordinates  against  the  angular  height  of 
glass  above  floor  as  abscissae. 

One  cannot,  of  course,  rely  on  the 
accuracy  of  any  one  result,  but  the  average 
curve  drawn  througli  the  result  is  pre- 
cisely what  one  would  expect  from 
experiments  in  the  relative  values  of 
light  from  different  angles. 

The  most  significant  item  'u\  the  Table 
is  No.  20.     This  case,  in  whicli  the  light 
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was  nearly  vertical,  is  the  onh'  one  where 
the  mininaum  illumination  was  over  16, 
and  that  with  an  actinometer  value 
which,  accordine;  to  the  Report,  approxi- 
mated to  "  weak  wintry  sunshine."  As 
the   noon    altitude    of    the   sun    on    26th 


November,  1912,  was  17°  33',  the  room 
could  not  have  been  receiving  direct  sun- 
light frona  a  roof  light. 

Yours  faithfully, 

Percy  J.  VValdram. 


POLAR  CURVES  OF  GLOBES,  SHADES  AND  REFLECTORS. 


Dear  Sir. 

As  you  truly  remarked  in  your 
last  number,  the  present  ligliting  season 
is  being  heralded  by  great  activity  in 
the  design  of  globes,  shades  and  reflec- 
tors ;  and  notliing  is  more  striking  than 
the  importance  wliich  manufacturers 
now  attach  to  ilhnninating  engineering. 
Many  firnas  are  publishing  polar  curves 
of  light  distribution  with  their  lamps  and 
shades  who,  a  few  years  ago,  would  never 
have  done  so. 

There  is  one  point  to  which  I  should 
like  to  draw  attention.  It  is  most 
essential  that  published  polar  curves 
should  be  accompanied  by  an  explanation 


how  they  are  obtained,   so   as  to   avoid 
the  results  being  misinterpreted. 

It  seems  therefore  that  it  would  be 
a  great  gain  if  man\ifacturers  would 
agree  to  have  tests  made  of  their  typical 
shades  at  some  central  institution  such 
as  the  National  Physical  Laboratory, 
and  to  publish  the  certificate  received. 
We  should  then  have  available  authorita- 
tive information,  and  surely  such 
data  would  carry  much  more  weight 
tlian  the  record  of  the  tests  undertaken 
by  the  naanufacturers  themselves. 
I  am. 

Yours,    &c.. 
Ax  Engineering  Corresponpent. 


PUBLICATIONS    RECEIVED.* 

Das  elektrische  Licht  itn  Dienste  der 
Projektioti.  By  N.  A.  Halbertsma. 
{Paper  read  at  the  General  Meeting 
of  the  "  Bund  dentscher  Handler  fur 
photogr.  Bedarf,"  September  22nd, 
1912). 


Mercury  Vapour  Converters.  Sy  Maurice 
Leblanc,  Jr.  {Reprinted  from  "  The 
Electrician,"  July  I8th,  1913.) 


Light  and  Art  ;  the  Influence  of  Coloured 
Surroundings  on  the  Colour  of  the 
Usefid  Light  ;  Investigation  of  Diffusing 
Glassware  ;  a  Colour  Triangle  for 
Lecture  Purposes  ;  Factors  involved 
in  the  Flicker  Photometer  ;  the  Purkinje 
Effect  and  the  Comparison  of  Flicker 
and  Equality  of  Brightness  Photometer. 
The  Importance  of  Direction,  Qualify 
and  Distribution  of  Light.  {Papers  by 
Mr.  M.  Luckiesh,  reprinted  froyn  various 
Journals    in    the    United  States.) 


The  Mechanical  Engineer  and  Prevention 
of  Accidents.  Address  of  Mr.  John 
Calder,  M.E.,  before  the  American 
Society  of  Mechanical  Engineers, 
February  I4th,  1911. 


G.  F.  Schaar's  Kalendar  fiir  Gas-  und 
Wasserfach,  by  Dr.  E.  Schilling  (R. 
Oldenbourg,  Munich,   1913.) 


Electric  Circuit  Tlieory  and  Calculations  by 
W.  Perren  Maycock  ( Whittaker  <fc  Co., 
London,  1913.     3s.   6d.  net.) 


Das  Stddtsche  Gasrohrnetz,  seine  Berech- 
nung,  sein  Ban  und  Betrieb,  by  P. 
Brinkhaus  {R.  Oldenbourg.  Munich, 
1913.     Mk.  5.) 


Sur  les  Elements  qui  ckaracterisent  le  fac- 
teur  de  puissance  des  fours  d  carbure  de 
calciuTn,  by  L.  Lombardi  and  O.  Scarpa. 
{Paper  presented  at  the  Vllth  Inter- 
national Acetylene  Congress.) 

*  To  some  of  these  publications  we  hope  to 
refer  more  fully  shortly. 
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ILLUMINATION     AND     PHOTOMETRY. 

THt:  series  of  papers  read  at  the 
National  CJas  Exhibition,  and  also  at  the 
Annual  Convention  of  the  Anaerican 
lUunainating  Engineering  .Society  last 
month  are  referred  to  elsewhere  in  this 
1  lumber. 

There  have  been  several  other  com- 
munications of  interest  in  the  United 
States.  An  abstract  of  the  presidential 
address  before  the  American  llhuninating 
Engineering  Society  from  Mr.  P.  S. 
Millar  is  now  available  {Am.  Gaslight 
Jour.,  Oct.,  1912).  The  paper  contains  a 
series  of  statistics  bearing  on  the  lighting 
industry.  In  the  last  six  years  the  approxi- 
mate average  c.p.  of  incandescent  lamps 
sold  has  almost  doubled.  Other  data  an; 
available  regarding  the  illmuination  in 
railway  carriages,  which  appears  to  have 
increased  no  less  than  six  times  what  it 
was  about  40  years  ago.  Particulars 
are  also  given  of  the  illumination  now 
customary  in  streets,  offices,  factories. 
&c.  The  latter  part  of  the  adfiress  con- 
tains a  general  discussion  of  such  points 
as  diffusion,  contrast,  hygiene  and  safety, 
&c. 

M.  LucKiKSH  in  a  paper  now  published 
in  tlie  (las  Institute  News,  discusses  the 
effect  of  the  direction,  quality  and  distri- 
bution of  light.  Some  interesting 
illustrations  are  shown.  One  of  these; 
shows  the  difference  in  appearance  of  a 
picture  according  to  the  direction  from 
which  the  light  strikes  it  ;  another  the 
distortion  of  colour  that  may  be  caused 
by  the  tint  of  the  ilhuninant.  Several 
photographs  illustrate  the  change  in 
appearance  of  casts  and  statuary  when 
illuminated  frona  different  directions. 
The  expression  on  a  man's  face  may  thus 
be  entirely  altered.  Another  series  of 
papers  by  L.  C.  Porter.  C.  R.  Sucu;  and 
A.  R.  Dknnincjton  IEIcc.  World.  Oc-t. 
nth),  deal  with  the  design  of  motor-car 

headlights.  The  authors  point  out  the 
change  in  conditions  of  (U^sign  Ijrought 
about  by  the  coming  of  low  Aoltage 
incandescent     lamps      havijis;     filaments 


coiled  in  a  spiral  occupying  a  smaller 
area.  Charts  and  data  are  presented 
enabhng  the  sweep  of  the  searchlight 
corresponding  with  various  foci  for  the 
lens  system,  and  contours  of  equal  illmnin- 
ation  on  the  roadway  sketched  out. 

Tiu-ning  to  more  pm-ely  photometric 
matters  we  may  note  the  article  by  J.  S. 
Forrest  (Electrician,  Aug.  8th)  on  the 
electric  arc  as  a  standard  of  light.  The 
author  iDroj^oses  to  use  two  carbons 
inclined  towards  a  third  one  in  order  to 
obtain  a  steady  arc,  and  the  crater  is 
observed  through  a  hole  1  millimetre 
in  diameter.  It  is  said  that  a  very 
constant  brilliancy  is  thus  obtained,  and 
that  the  cm-rent  taken  by  the  arc  can  be 
varied  .within  wide  limits  without  much 
affecting  the  candle-power.  The  light 
is,  however,  somewhat  affected  by  the 
purity  of  the  carbons,  and  the  hole'must 
be  very  accurately  measured. 

H.  C.  Stevens  {Phil.  Mag.,  July,  1913) 
describes  some  experinaents  on  the  flicker 
photometer  which  show  that  the  sensation 
of  flicker  cannot  be  due  to  changes  in  the 
iris  diaphragm  ;  a  comparison  of  results 
obtained  with  nornial  vision  and  an  eye, 
the  pupil  of  which  has  been  artificially 
dilated  by  atropine,  shows  that  sub- 
stantially the  same  effect  was  obtained 
in  each  case. 

Electric  Lighting. 

A  rather  curious  effect  is  descril)ed  l)y 
O.  CosMANN  (L.  u.  X.,  September  2.')ili) 
who  ascribes  the  frequent  breakage  of 
filaments  in  coloured  globes  to  the  electro- 
static iittrac-tion  bet  ween  tlie  filaments 
and  the  lacqu(<reti  bulb  of  the  lamp.  It 
appears  that  in  coloured  lamps  the  effect 
is  accentuatefl  by  the  presence  of  a  thin 
film  of  air  between  tlie  glass  and  the 
lacquer  wliich  acts  like  a  condenser. 

A.  Kastai.ski  describes  the  lighting 
of  th(>  front  of  the  chief  railway  station 
in  licijjzig  by  arc  lamps.  This  is  accom- 
plished mainly  by  iron  columns  which 
serve  to  support  the  trolley  wires  of  the 
tramways.     There  is  also  an  illustration 
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containing  two  no\el  oriuimental  pillars, 
cased  in  stone  30  meters  high,  and.  each 
carrying  four  arc  lamps. 

A  comprehensive  paper  by  M.  Solomon 
on  yellow  flame  arcs  has  recently  appeared 
in  the  proceedings  of  the  Institution  of 
Electrical  Engineers  (Vol.  49,  p.  737). 
The  author  classifies  the  general  types  of 
flame  carbons  now  in  use,  and  discusses 
the  various  methods  of  reducing  their 
resistance.  It  appears  that  coating  of 
the  outside  of  the  carbon  with  copper 
is  likely  to  be  discontinued  because  it 
gives  rise  to  irregular  burning ;  it  is 
preferable  to  use  a  metal  core.  The 
remainder  of  the  paper  is  devoted  to  polar 
ciu-ves,  tables  of  c.p.,  the  results  of 
tests  of  a  nimiber  of  well-known  types  of 
arc  lamps  being  given. 

Gas  Lighting. 

The  gas  journals  in  this  coiuitry  are 
naturally  devoted  very  largely  to  the 
Exhibition    at    Sheijherd's    Bush. 

Among  other  articles  we  ntay  notice 
the  accoimt  of  billposter  lighting  now 
being  undertaken  by  the  Soutli  Metro- 
politan Gas  Co.  {.f.G.L.  Sept.  30th). 
The  posters  are  ilhuninated  by  lamps 
having  specially  shaped  reflectors  ;  it  is 
probable  that  this  business  will  extend  as 


people  come  to  realise  the  value  of 
ilhmainating  advertisements  by  night. 

The  Gas  Institute  News  contains  a 
fully  illustrated  article  by  C.  A.  Luther, 
describing  the  gas  lighting  of  interiors. 

The  first  part  of  the  paper  deals  witli 
office  organisation.  Plans  of  interiors 
accompanied  by  full  particulars,  as  the 
colour  of  the  walls  and  ceilings,  &c.,  are 
prepared  before  the  lighting  of  buildings 
is  schemed  out.  A  nmnber  of  novel 
semi-indirect  gas  fittings  are  shown,  and 
the  lighting  of  the  drawing  room,  dining 
room,  kitchen,  &c.,  are  in  turn  briefly 
dealt  with.  One  feature  described  in 
some  detail  is  a  form  of  dome  lighting  appli- 
ance for  the  dining  room  table.  The  latter 
part  of  the  paper  is  devoted  mainly  to 
office  lighting,  and  a  niunber  of  illustra- 
tions are  given  showing  the  spacing  of 
the  units. 

In  the  German  papers  wc  luitice  an 
account  of  the  high  and  low  pressure 
lighting  at  Cologne  {J.i.G..  Oct.  18th), 
and  the  same  lournal  contains  an  illustra- 
tion of  a  new  forn^  of  signal  lamp  which 
is  being  put  up  at  level  crossings  to  warn 
travellers  against  the  trains.  This  is 
equipped  with  dissolved  acetylene,  a 
flashing  valve  being  used  to  reduce  gas 
consumption. 
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Klectric  Eqnipment  of  a  Department  Store  (Elec.  World,  September  2Uth). 


Gas,  Oil,  Acetylene  Lighting. 

Babcock,  C.  B.    Why  the  Gas  Company  should  handle  Gas  Aics  (.4m.  GasUijhi  Jonr..  September  29tli) 
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The  National  (."as  Exhibition  {J.G.L.,  September  30th,  October  7th,  October  14t1i. 

October  21st;  G.  W.,  October  4th.  llth). 
Railway  Carriage  Lightina  {J.  G.  L..  September  30th). 
Bill  Posting  Station  Lighting  (./.  G.  L.,  September  30th). 
High  Pressure  CJas  Lighting  at  Edinburgh  (J.  G.  L.,  October  14th). 
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Signallampen   zur   Markierung   von   ELsenbahniibergangen  auf   Landstra.'^.sen    (J.J.G. 

October  4th). 
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CONTRACTIONS    USED. 


Elek.  u.  Masch. — Elektrotechnih  und  ilasrhin- 

enhau. 
E.  T.  Z.—Elehiroiechnifichp  Zeilsrhrift. 


J.   f.   G. — Journal  fiir  Gasbeleuchiung, 

L.   u.   L. — Licht  und  Lampe. 

Z.  f.  B. — Zeitschrift  fiir  Belevchtungswesen. 


CLEANLINESS 

Xo  <j;l;iss  reflector  on  the 
niarkcl  collects  so  little  dust. 
This  is  due  to  its  hein.tj  per- 
fectly smooth  and  round  and 
havin.ii  "o  .jfrooves  either  lar.^c 
III-  small  upon  its  surface. 


EFFICIENCY. 

The  wunclerfiil  retlccl- 
ing  surface  of  "  Superiux  " 
Glassware  makes  it  the 
most  efficient  jilass  reflectoi' 
extant.  It  is  a  new  and 
exclusive  discovery. 

List  No.  G  1727  post  free 
on  request. 


IN  EVERY  SINGLE 

ATTRIBUTE 
the    very     best. 


General  Electric  Co., 

LIMITED, 

n,-.l,l    (Iffi.r  — 

67,  QUEEN    VICTORIA   ST., 
LONDON.  E.C. 


VENTILATION. 

The  suspension  of  the  .gla>s 
reflectors  is  by  ordinary  <;aller\, 
which  is  the  only  way  eflicient 
ventilation  can  be  provided  for. 
Enhancedappearance  and  facil- 
ity in  fixiiii.;  are  amongst  the 
manv  other  ;i(lvantage-<  oi   tlii- 


method. 
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TRADE    TOPICS. 


[At  the  request  of  many  of  our  readers  we  liave  extended  the  space  devoted  to  Trade 
Notes,  and  are  open  to  receive  for  publication  particulars  of  new  developments  in  lamps, 
fixtures,  and  all  kinds  of  apparatus  connected  with  illuminatinn. 

The  contents  of  these  pasres,  in  which  is  included  information  supplied  by  the  makers, 
will,  it  is  hoped,  serve  as  a  {ruide  to  recent  commercial  developments,  and  we  welcome  the 
receipt  of  all  bona  fide  information  relating  iheivto.] 


B.T.H.  "  FOSTORIA  "  TABLE 

LAMPS. 

The  "  Fostoria  "  Table  Lamp  sliown 
in  the  ilhistration  represents  a  distinct 
departure  from  the  traditional  table 
standard  design. 

B.T.H.  "  Fostoria  "  lamps  are  made 
of  glass — either  white  veluria  or  tinted 
iris — ^moulded  into  quaint  shapes  and 
etched  with  charming  designs.  Both  the 
pedestal  and  the  dome  or  reflector  of  the 
"  Fostoria  "  table  standard  are  made  of 
glass.  Beautiful  effects  are  obtained  by 
using,  in  the  case  of  three  out  of  the  four 
available  types,  a  small  lamp  in  the 
pedestal  as  well  as  imder  the  dome. 

The  glass  of  which  these  table  standards 
is  made  has  excellent  diffusive  qualities, 
so  that  when  both  Mazda  lamps  are 
alight,  the  whole  of  the  standard  radiates 
a  soft,  uniform  brilliance.  Of  course, 
the  greater  part  of  the  light  from  the 
lamps  is  reflected  downwards  on  to  the 
table. 

Readers  should  visit  the  B.T.H.  Co.'s 
showroom,  mazda  house,  77,  Upper 
Thames  Street.  E.C.,  and  inspect  these 
table  standards. 


"  VERITAS  "  PUBLIC  LIGHTING 
REQUISITES. 

In  a  recent  nunaber  (September,  p.  482) 
we  described  the  tjkay  lamp,  produced  by 
Messrs.  Falk,  Stadelmann  &  Co.  (83,  85, 
and  87,  Farringdon  Road,  London,  E.G.). 
The  naodel  then  shown  was  essentially  a 
suspension  lamp,  but  we  observe  from  the 
catalogue  now  received  that  it  is  now  also 
produced  in  the  form  of  a  pillar  lamp  for 
street  lighting.  The  chief  characteristic 
of  the  lamp  is  the  solidity  and  accessi- 
bility of  the  parts,  and  the  body  of  the 
lamp  can  be  readily  removed  from  the 


supporting  iron  structure.  The  con- 
struction enables  this  to  be  done  withovit 
interrupting  the  gas  supply — a  very 
desirable  Ciuality  in  a  lamp  intended  for 
public  lighting. 


PERSONAL. 

Mr.  W.  H.  Mulhall,  who  was  formerly 
associated  with  Messrs.  Siemens  Bros. 
Dynamo  Works,  Limited,  Dalston  Works, 
as  traction  lamp  expert,  has  been  trans- 
ferred to  Glasgow  Branch  to  handle  their 
sceneral  electrical  business  in  that  district. 
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WELSBACH  MANTLE-MAKING  AT  THE  GAS  EXHIBITION. 


This  illustration  shows  the  exhibit  of^mantle-making  in  the  Industrial  Hall,  at  the 
National  (Jas  Exhibition.  A  feature  was  the  demonstration  of  the  knittintt  of  <lic 
stockinfjs,  and  the  burning  oif  of  Welsbaeh  mantles,  as  shown  by  the  Welsbach  Light 
Company  (344:554,  Gray's  Inn  Road,  London). 


"  THE  LAST  WORD  IN  STREET  LIGHT- 
ING." 

The  Wardle  Engineering  Co.,  Ltd.  (196. 
Deansgate,  Manchester),  issue  a  pamphlet 
under  the  above  title,  describing  their 
latest  suspension  devices  for  street  lamps. 
These  nxethods  are  illustrated  by  a  series 
of  photographs  of  centrally  suspended 
units  in  London  and  the  provinces,  and 
a  typical  case  is  described  (with  costs)  at 
Barrow-in-Furness.  The  inaxinunn  illu- 
mination (0.35  ft. -candle)  and  tjie  niini- 
nainii  (0'03  ft. -candle),  giving  a  ratio  of 
maximunx/minimuni  of  12:  1  are  stated 
for  the  above  installation.  In  view  of 
Mr.  Trotter's  recent  paper  on  street  light- 
ing, it  is  interesting  to  see  that  nianii- 
facturers  are  b(>comin<i  ali\-e  to  the  im- 
portance of  giving  the  illurr.ination  values 
in  the  streets. 

UNION  EYE-COMFORT  SYSTEM. 

The  Union  Electric  Co.  (I'ark  Street, 
Soutliwark),  send  us  a  booklet  illustrating 


the  use  of  the  indirect  and  stmi-iiidircct 
arc  "  Eye-Comfort  "  system  for  a  wide 
variety  of  industrial  iises— clothing  fac- 
tories, jewellers,  lithographers,  jninting 
works,   &c. 

An  impressive*  feature  is  the  list  of  a 
considerable  mimber  of  establishments  in 
which  this  method  is  installed,  ilhistrated 
by  an  excellent  series  of  photographs 
taken  imder  the  artificial  light.  Se\eral 
of  these  are  in  the  nature  of  "  snap- 
shots," figures  of  people  at  work  being 
sliown  ;  it  is  an  undeniable  feat  to  take 
photographs  of  this  kind  bv  artificial 
light. 


PERSONAL. 

We  imderstand  that  Mr.  Justus  Eck. 
Manager  and  Thief  Engineer  of  the  Union 
Electric  Co.,  left  London  last  montii  on 
a  tour  in  the  United  Stat(>s.  Mr.  lOck 
carries  with  him  tlie  good  wisiies  of  many 
friends  in  tiiis  conntrv. 
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Two  viows  of  rhe  Furnitnre  Departmout  of  Messrs.  J.  Hide  &  Co.  (Market  Place, 
Kiuorstoii),  lighted  by  Holophane  bowl  reflectors. 

{Pholo.  taken  enlirehj  by  artificial  Ivjht.) 

In  a  ftirnitiire  showroom  trood  diffusion  is  absolutely  necessary.  The  above 
photograph  supplied  by  Holophane,  Ltd.  (12,  Carteret  Street,  Queen  Anne's  Gate, 
London,  S.W.),  shows  how  the  Hght  should  be  reflected  from  naany  different  directions 
so  as  to  get  into  the  recesses  of  cabinets,  to  illuminate  the  floor  underneath  desks 
and  tables,  &c.  In  addition,  there  will  probably  be  in  the  room  such  objects  as 
china,  lamp  shades,  &c.,  having  intricate  patterns  on  them  which  can  only  be 
seen  properly  in  a  good  light.  Few  things  are  more  annoying  to  a  customer  than 
to  have  to  examine  such  objects  in  a  poorly  lighted  room. 


COOPER  HEWITT  LAMPS. 

Tlie  Westinghouse  Cooper  Hewitt  Co., 
Ltd.  (8U.  York  I'voad.  King's  Cross. 
London),  send  us  an  account  of  the  use 
of  the  mercury  lainps  for  lighting  hosiery 
works,  where  intricate  niachinery  and  a 
large  number  of  revolving  bobbins  are  in 
use.  and  the  good  diffusion  from  a  line 
source  is  said  to  be  a  distinct  advantage. 
For  the  same  reason  this  type  of  lamp  is 
very  conveniently  used  for  blue  printing 
outfits,  and  its  initial  cost  is  claimed  to 
be  soon  repaid  where  any  considerable 
quantity  of  prints  are  required. 

Another  communication  from  this  firm 
relates  to  a  case  in  which  an  engine  driver 
was  apparently  deceived  by  a  distant 
mercury  lamp  on  a  Cinenia  buildine. 
mistaking    it    for   a    green    signal.     It    is 


pointed  otit  that  such  confusion  is  readily 
avoided  by  using  an  appropriate  reflector 
— another  instance  of  the  importance  of 
shading  in  ilhmiinating  engineering  ! 


OSRAM  LAMPS. 

The  metallic  tilanient  lamp  has  opened 
qviite  a  new  era  in  theatre  lighting,  ^^'e 
are  infonned  that  a  number  of  Osram 
drawn- wire  lamps  have  been  recently  in- 
troduced to  light  the  vestibule  of  the 
London  Ojiera  House,  and  they  have  also 
been  installed  in  many  other  London  and 
provincial  theatres.  It  is  also  stated 
that  most  of  the  large  railways  and  steam- 
ship companies  are  using  a  considerable 
number  of  these  lamps,  the  total  output 
amounting  to  several  millions  yearlv. 
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"ENGINEERING    ABSTRACTS" 

(Journal  of  the  International  Institute  of  Technical  Bibliography) 
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the  world. 
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THE 


l)olopDane  Cumctcr. 


THE  simple,  portable,  and  accurate  apparatus  for 
measuring  illumination,  surface-brightness,  or  reflect- 
ing power. 

Can  be  carried  from  place  to  place  with  the  ease 
of  a  small  hand  camera. 

Dimensions  only  5'J  in.  X  41  in.  x  1;;  in.;  case  and 
accumulators  supplied. 

Measurements  from  001  to  2000  foot-candles  can 
be    made. 


Sliiiwiiiu  L^LiKial  appearance  <>f  new  model  of  Holophane  Liunelei". 
(Dimensions:  5','  in.  X  41  in.  X  ]\  in.) 

The  Holophane  Lumeter  is  of  value  not  only  to 
lighting  engineers,  but  to  architects,  medical  officers, 
factory  inspectors,  photographers,  and    many    others. 


Among  the  users  of  this  instrument  may  be  mentioned  ;— 

The  House  of  Commons,  The  Home  Office  (Factory  Dept.),  The  London 
County  Council,  General  Post  Office,  Great  Western  Railway,  L.  &  S.W. 
Railway,  Underground  Railways,  The  Gas  Light  &  Coke  Co.,  St.  James 
and  Pall  Mall  Electric  Supply  Co.,  The  Union  Electric  Co.,  The  British 
Thomson-Houston  Co.,  &c.,  &c. 


For    all  particulars    apply   to 


HOLOPHANE,  LTD., 

12,  Carteret  St.,  Queen   Anne's   Gate,  S.W. 
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EDITORIAL. 


The  Illuminating  Engineering  Society :    Its  National  and  International 

Aspects. 

At  the  first  meeting  of  the  session  on  November  i8th  the  customary 
report  of  progress  during  the  vacation  was  presented.  Events  now  march 
so  rapidly  that  there  is  always  plenty  to  report  after  the  vacation,  and  it  is 
a  good  plan  to  summarise  at  intervals  the  progress  that  has  been  made.  It 
will  be  noticed,  too,  that  in  this  number  we  are  reproducing  part  of  the 
special  Report  of  Progress  presented  at  the  recent  Convention  of  the 
American  Illuminating  Engineering  Society,  a  new  feature  undertaken 
by  our  friends  in  the  United  States  which  will  doubtless  be  much  appreciated 
by  readers  in  this  country. 

There  is  one  point  mentioned  at  the  meeting  of  our  Societ\'  on  November 
i8th  to  which  we  should  like  to  draw  special  attention,  nameh',  the  proposal 
to  extend  the  sphere  of  operations  of  the  Society  in  the  provinces. 

From  the  very  commencement  the  Society  has  always  aimed  at  inter- 
national co-operation.     Time  has  ahead}'  shown  the  wisdom  of  this  stop. 
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But,  as  was  remarked  by  Mr.  Shadbolt  at  one  of  the  Conferences  at  the 
National  Gas  Exhibition,  there  is  every  reason  for  the  Society,  besides 
being  international,  to  be  also  national,  in  its  scope.  There  are  already  a 
considerable  number  of  members  of  the  Society  in  the  provinces  who  can 
onl}-  occasionalh'  get  to  the  meetings  in  London  and  who  would  gladly 
assist  to  raise  local  interest  in  the  movement. 

It  is,  therefore,  proposed  to  appoint  representatives  of  the  Society 
in  the  various  districts  with  a  view  to  securing  an  increase  in  local  membership. 
When  a  sufficient  number  of  members  has  been  obtained  it  is  hoped  to  hold 
during  the  year  one  meeting  at  each  centre,  at  which  topics  of  local  interest 
would  be  discussed.  This  would  be  an  important  step  forward  and  no 
doubt  there  will  be  other  developments  in  the  future. 

Naturally,  a  considerable  amount  of  preparatory  work  has  to  be  done 
before  taking  a  step  of  this  kind  and  the  first  matter  that  requires  attention 
is  to  secure  an  increased  provincial  membership.  We  therefore,  hope 
that  all  members  residing  out  of  London  will  take  this  matter  up  and  do  their 
best  to  induce  their  friends  to  join. 

While  inaugurating  this  new  policy,  the  Coimcil  does  not  mean  it  to  be 
inferred  that  the  Society  will  in  any  way  abate  its  international  activities. 
On  the  contrary  there  is  now  every  reason  to  aim  at  more  complete  inter- 
national co-operation.  It  has  often  struck  us,  for  example,  that  many  of 
the  excellent  papers  presented  in  the  L'nited  States  might  be  simultaneously 
discussed  in  this  country.  Now  that  there  is  also  a  Society  in  German}^ 
at  work  it  would  often  be  desirable  for  important  papers  to  come  before  the 
notice  of  members  in  all  three  countries.  In  our  last  number  we  drew 
attention  to  the  variety  of  topics  dealt  with  at  the  Convention  of  the 
American  Illuminating  Engineering  Societv,  and  we  now  notice  that  at 
the  meeting  of  the  German  Society  on  November  8th,  three  interesting 
papers,  "  Alterations  and  Injuries  of  the  E3-e  Caused  by  Light  "  (by  Dr.  F. 
Schanz),  "  Testing  the  Colour  of  Illuminants  "  (by  Dr.  L.  Bloch),  and  the 
"  Laws  of  Radiation  from  Glow  Lamp  Filaments  and  their  Temperature 
Determination  "  (by  Prof.  Lummer),  were  read.  Such  topics  as  these 
would  naturally  interest  illuminating  engineers  in  all  countries,  and  we  think 
that  a  plan  might  be  devised  of  bringing  them  before  a  wider  audience. 

We  are  glad  to  note  that  during  the  vacation  there  has  been  a  substantial 
increase  in  the  membership  of  the  Society  and,  what  is  still  more  gratifying, 
support  has  been  secured  from  a  number  of  distinguished  authorities  in 
various  parts  of  the  world.  It  will  also  be  observed  that  reference  is  made 
to  the  formation  of  the  National  Commission  on  Illumination,  from  whose 
labours  much  good  will  doubtless  follow  in  the  future. 
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Sir  William  Preece. 


We  regret  to  record  the  death  of  Sir  Wilham  Preece,  one  of  the  most 
distinguished  ^^ice-Presidents  of  the  Society. 

On  page  600,  Mr.  Trotter  has  contributed  a  most  interesting  and 
fehritous  account  of  his  work  and  person ahty. 

A  few  words  ma}'  perhaps  be  added  b}'  one  who,  although  he  onh'  met 
Sir  Wilham  Preece  when  the  latter  had  already  reached  the  zenith  of  his 
career,  had  several  opportunities  of  appreciating  his  lovable  character  and 
sterling  equalities. 

The  illuminating  engineering  movement  owes  a  great  debt  to  Sir  William 
Preece.  His  early  pioneering  work  paved  the  way  for  much  that  is  being 
done  to-dav,  and  in  later  life  he  was  intimateh'  interested  in  the  movement. 
I  recall  that  he  was  in  the  chair  when  I  read  a  papei  before  the  Royal  Societ}^ 
of  Arts  in  1906  ;  it  was  on  this  occasion  that  tha  need  for  the  illuminating 
engineer  was  first  mentioned.  Afterwards,  when  I  was  trying  to  gain 
support  for  the  project  of  forming  an  illuminating  engineering  society, 
he  was  among  those  who  encouraged  me  to  persevere  ;  and  the  readiness 
with  which  he  had  listened  to  what  I  had  to  sa}-  was  typical  of  the 
accessibility  to  which  Mr.  Trotter  refers.  And  when  eventually  the  paper 
on  the  need  for  the  illuminating  engineer  was  presented  before  the  Association 
of  Engineers  in  Charge  in  the  autumn  of  1907,  Sir  William  Preece  consented 
to  preside,  and  was  only  prevented  at  the  very  last  minute  from  doing  so. 

The  Society  took  an  early  opportunity  of  expressing  its  great  indebted- 
ness to  Sir  William  by  nominating  him  one  of  the  first  Honorar\-  [Members, 
an  intimation  which  he  acknowledged  with  characteristic  grace  and  courtes}'. 
By  the  death  of  Sir  William  Preece  the  illuminating  engineering  movement 
has  lost  a  valued  friend  and  the  Society  one  of  its  most  distinguished 
supporters. 

Some  Problems  in  Daylight  Illumination. 

It  was  announced  at  the  last  meeting  of  the  Society-  that  a  paper  on 
the  above  subject  is  to  be  read  by  Mr.  P.  J.  Waldram  on  December  i6th. 
The  paper,  while  in  a  great  measure  the  result  of  Mr.  \\'akham's  personal 
effo'-ts,  will  also  contain  references  to  matters  coming  within  the  scope  of 
the  Sub-Committee  of  the  Society  on  Daylight  Illumination  in  Scliools, 
and  we  undeistand  that  a  special  feature  will  be  a  compilation  of  Jitcature 
bearing  on  this  subject.  Meantime  w.^  publish  on  page  608  a  list  of  (queries 
on  daylight  illumination  which  aie  being  widely  circulated.  We  hope  that 
members  of  the  Society  throughout  the  world  who  are  interested  in  this 
subject  will  give  us  the  benefit  of  their  experienc(\ 
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If  a  room  is  lighted  by  artificial  means  it  is  always  possible  to 
rearrange  the  lighting  at  a  comparatively  small  cost  if  the  results  are 
unsatisfactory.  But  when  a  building  has  once  been  erected  it  is  rarely 
possible  to  make  any  substantial  change  in  the  arrangements  for  admitting 
da\-light.  It  will  be  understood,  therefore,  how  vital  it  is  for  the  planning  of 
schools,  libraries,  and  other  public  buildings  to  be  carefully  carried  out  in 
the  first  instance,  and  we  hope  that  the  discussion  of  Mr.  Waldram's 
paper  will  be  instrumental  in  establishing  some  of  the  principles  on  which 
this  should  be  carried  out. 

Shadows  by  Natural  and  Artificial  Light. 

On  pages  619-631  we  reproduce  the  paper  on  this  subject  read  by  Mr. 
J.  S.  Dow  and  Mr.  V.  H.  Mackinney  at  the  last  meeting  of  the  Illuminating 
Engineering  Society.  The  paper  is  accompanied  by  a  variety  of  illustrations, 
and  anyone  who  has  carried  out  photograph}'  of  this  kind  will  appreciate 
the  amount  of  work  the  preparation  of  such  a  paper  entails.  It  may  well 
be  said  that  photography  is  becoming  an  indispensable  art  to  the  illuminating 
engineer,  for  the  science  of  illumination  is  based  essentially  on  an  appeal 
to  the  eye.  A  good  picture  will  convey  in  a  few  minutes  what  a  long 
explanation  in  words  might  fail  to  make  clear.  It  is  therefore  important 
to  understand  how  the  reproduction  of  artificial  lighting  conditions  may 
be  made  as  accurate  as  possible. 

Photographs  representing  shadows  should  have  a  special  utility,  for 
it  is  difficult  to  record  these  effects  in  an\-  other  way.  We  are  only  just 
beginning  to  reahse  what  an  important  part  is  played  by  shadows  in 
illuminating  angineering.  In  the  factory  the  utihty  cf  a  system  of  lighting 
must  depend  to  a  great  extent  on  the  direction  from  which  light  strikes 
the  tools  and  implements. 

In  the  same  wa}'  shadow  plays  an  important  role  in  the  aesthetic  side 
of  lighting,  an  interesting  feature  pointed  out  by  the  authors  being  the 
curious  reversal  of  daylight  shadow  that  often  occurs  by  artificial  light.  This 
is  a  point  on  which  the  views  of  the  architect  should  be  obtained.  It  is 
sometimes  argued  that  architecture  is  an  art  that  has  developed  in 
accordance  with  daylight  conditions,  and  that  the  finest  buildings  were 
designed  with  a  view  to  their  being  seen  in  the  daytime  and  not  by  night. 
But  it  may  surely  be  suggested  that  in  our  modern  times,  when  artificial 
light  is  obtainable  so  readily  in  large  quantities,  its  value  for  decorative 
effects  should  be  considered,  and  it  is  possible  that  its  judicious  use  for  this 
purpose  would  open  out  an  entirely  new  vista  in  decorative  art. 

Leon  Gaster. 
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TECHNICAL  SECTION. 


The  Editor  while  not  soliciting  contributions,  is  willing  to  consider  the 
'publication  of  original  articles  submitted  to  him,  or  letters  intended 
for  inclusion  in  the  correspondence  columns  of  "  The  Illuminating 
Engineer." 

The  Editor  does  not  necessarily  identify  himself  with  the  opinions 
expressed  by  his  contributors. 


A  YEAR'S   PROGRESS   IN   ILLUMINATING   ENGINEERING. 

(A  Report  presented  at  the  Seventh  Annual  Cons^ention  of  the  American 
Illuminating  Engineering  Society,  Pittsburgh,  Pa.  (U.S.A.),  September 
22-26TH,  1913.) 

It  is  extremely  probable  that  more 
recent  figures  will  show  that  the  tungsten 
lamp,  aided  by  greatly  reduced  price, 
its  high  efficiency  and  the  fact  that 
electric  companies  are  beginning  to  make 
free  renewals  of  tungsten  lamps  as  they 
did  of  the  carbon  filament,  is  destined 
to  make  the  carbon  filament  lamp  a 
vanishing  quantity.  In  this  connection 
it  is  interesting  to  note  that  the  United 
States  Government  has  issued  an  order 
through  the  office  of  the  supervising 
architect  of  the  Treasury  Department 
that  carbon  and  metallised  carbon- 
filament  lamps  are  not  to  be  used  in  any 
of  the  Government  buildings,  and  any 
such  lamps  in  use  at  the  time  of  the 
receipt  of  the  order  must  be  removed 
and  25-watt  tungsten  lamps  substituted.  ^ 

There  has  been  marked  impi'ovement 
in  the  life  of  some  of  the  higher  wattage 
100-volt  tvpes  and  in  comjiensator  and 
train  lighting  lamps.  In  the  60,  100  and 
150-watt,   100-volt   lamps  improvements 


During  the  past  year  the  science  of 
illumination  has  probably  made  greater 
progress  than  at  any  other  similar  period 
of  its  history.  While  few  radical  changes 
or  developments  have  been  made  in 
connection  with  light  sources,  improve- 
ments have  been  made  in  mechanical 
■construction  of  present  systems,  resulting 
in  increased  efficiency,  and  illumination 
has  become  the  subject  of  study  by 
physicists,  oculists,  architects,  legislative 
todies  and  others  as  never  before. 

Incandescent  Electric  Lamps. 

In  connection  with  light  sources  the 
development  of  the  tungsten  lamp  stands 
out  most  prominently.  This,  in  high 
candle-powers,  is  a  serious  competitor 
of  the  arc  lamp  both  for  indoor  and 
outdoor  lighting,  and  has  largely  super- 
ceded the  carbon  filament  lamp,  as  shown 
by  the  following  table  taken  from  a 
recently  published  article,  and  giving  the 
relative  number  of  lamps  sold.^ 


Tvpe. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

1907. 

1908. 

1909. 

1911. 

1911. 

1912. 

Carbon 

. .      93-27 

84  12 

68-98 

63-08 

52-90 

25-17 

Gem   . . 

5-88 

8-58 

15-07 

11-88 

19-0(^ 

33-59 

Tantalum 

<»-75 

1-78 

2-12 

3-57 

2-74 

1-00 

Tungsten 

0-10 

5-52 

13-83 

18-17 

25-30 

39-94 

Total 

. .    100-00 

100-00 

100-00 

100-00 

99-94 

100-00 

^LtghtiiKj  Journal.  July,    191.3. 
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in  life  have  taken  place  similar  to  those 
made  last  year  in  the  cases  of  the  250, 
400  and  500-watt  lamps.  This  improve- 
ment in  quality  is  on  the  order  of  50  per 
cent,  in  life  and  has  made  possible  sub- 
stantial improvements  in  efficiency.  The 
use  of  chemicals — the  so-called  '"  vacuum 
getter/'  in  the  bulbs  of  these  lamps  for 
reducing  the  blackening  of  globes  has 
largely  brought  about  these  improve- 
ments.''' *  At  present  the  commercial 
efficiencies  of  these  types  are  around 
1"17  w.p.c.  while  the  higher  wattage  types 
are  put  out  at  about  1  w.p.c.-'*  * 

To  meet  a  demand  for  a  60-watt  small 
base  lamp  for  use  in  residence  lighting 
and  to  provide  a  40-watt  lamp  that  will 
in  all  cases  be  interchangeable  with  the 
25-watt  lamps  these  two  types  are  now 
made  in  smaller  bulbs.  The  60-watt 
lamp  is  now  made  in  the  same  bulb  as  was 
standard  for  40-watt  lamps  and  the  40- 
watt  lamp  in  the  bulb  which  is  now 
standard  for  25  watts.  This  change  has 
been  made  without  impairing  the  life  or 
efficiency  of  the  lamps.  ^ 

Improvements  in  the  tungsten  wire- 
drawing process  have  made  it  possible 
to  manufacture  wire  of  almost  exactly  the 
desired  size  and  so  render  it  possible  for 
manufacturers  to  make  lamps  of  so 
nearly  the  desired  voltage  and  efficiency 
that  the  function  of  photometry  in  the 
lamp  factory  is  now  principally  to  guard 
against  errors  in  manufacture.  This 
improvement  has  been  adopted  by  most 
of  the  manufacturers  in  this  country  for 
all  lamps  intended  for  series  burning 
service  and  has  been  productive  of  greatly 
improved  results  in  all  cases.  ^ 

A  10-watt,  100  to  130-volt  lamp  and  a 
5-watt,  50  to  60-volt  lamp  have  been 
developed.  These  are  important  addi- 
tions to  the  line  of  sign  lamps  in  that  they 
furnish  a  low  wattage  lamp  that  does  not 
require  the  operation  of  more  than  two 
lamps  in  series  upon  100  or  200-volt 
circuits. 

Miniature  lamps  of  the  candelabra  and 
decorative  types  with  tungsten  filaments 
have  been  developed  for  110-volt  circuits. 
These  have  the  filaments  wound  to  form 
a  helical  coil  of  small  diameter  and  this 
helix  is  then  mounted  on  the  supports  in 


^Electrical  Journal,  June,   1913. 
■^Electrical  Journal,  January,  1913. 


the  same  manner  as  an  ordinary  filament. 
The  mandrel  around  which  the  filament 
is  formed  is  so  small  that  the  helical  con- 
struction of  the  filament  can  scarcely  be 
recognised  with  the  naked  eye.  This 
style  of  construction  renders  possible  the 
use  of  fewer  supports  and  smaller  bulb? 
than  ordinary  tungsten  lamp  construction 
would  allow.  3 

During  the  past  year  the  use  of  con- 
centrated filament  tungsten  lamps  has 
enormously  increased.  At  the  present 
time  a  very  large  proportion  of  the  auto- 
mobiles now  being  sold  in  this  country  are 
equipped  with  these  lamps.  Concen- 
trated filament  lamps  are  also  being  used 
for  stereopncon  work,  for  trolley  car 
headlights  and  for  theatre  stage  lighting 
in  place  of  arc  lamps  and  Nernst  lamps. 
With  the  style  of  construction  now  used 
excellent  concentration  is  obtained  ;  the 
filament  for  a  100-watt,  115-volt  lamp 
occupies  a  space  only  7/16  inch  (11-113 
mm.)  in  diameter  and  7/16  inch  long. 

A  new  filament  consisting  of  an  alloy  of 
tungsten  has  also  been  brought  out. 
It  is  claimed  that  this  not  only  possesses 
the  strength  and  efficiency  of  drawn 
tungsten,  but  that  it  will  withstand 
crystallisation  for  a  longer  period.  ^ 

An  investigation  has  been  made  upon 
the  heating  of  screw  thread  lamp  sockets. 
This  was  found  to  be  almost  entirely  due 
to  the  heat  dissipated  by  the  lamp  or 
radiator  and  has  little  to  do  with  the 
energy  lost  in  contacts.  Bayonet  holders 
are  satisfactory  up  to  250  watts,  while 
screw  sockets  can  transmit  energy  up  to 
1,000  watts  with  satisfaction.^ 

Possibly  the  most  startling  develop- 
ment in  the  tungsten  lamp  is  the 
announcement  of  one  giving  an  efficiency 
of  0-5  watt  per  candle.  A  specially  shaped 
tungsten  filament  is  used  in  a  bulb  con- 
taining an  inert  gas,  as  nitrogen,  at  a 
pressure  of  about  one  atmosphere.  The 
types  to  be  developed  first  are  adapted 
to  high  current  consumption,  say  6 
amperes,  and  over.' 

A  tungsten  lamp  has  recently  been 
brought  out  which  gives  a  colour  very 
closely  resembling  that  of  daylight.  It  is 
not,  however,  an  exact  equivalent,  and 


^Electrical    World,   December   7th,    1912. 
^Electrician,  .Tune  2Tth.  1913. 
-Electrical    World,   July   19th,   1913. 
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is,  therefore,  not  suited  to  colour  match- 
ing. The  energy  consumption  of  this 
lamp  is  about  1'4  watts  per  candle,  and 
it  has  a  candle-power  of  from  70  to  75.*,  ^ 

A  method  of  testing  for  spots  in  incan- 
descent lamp  filaments  has  been  developed 
in  which  the  body  of  a  filament  is  made 
to  disappear  against  a  luminous  back- 
ground until  the  light  or  dark  spot  shows 
by  contrast.  10 

Experiments  were  made  to  determine 
the  variation  in  candle-power  produced 
by  frosting.  The  distribution  curves 
were  found  to  be  very  much  the  same 
before  and  after  frosting,  and  half-frosting 
resulted  in  a  reduction  of  from  10  to  20 
per  cent,  in  the  candle-power.  One  fact 
brought  out  in  these  experiments  was  of 
practical  use  in  permitting  a  close 
estimate  to  be  made  of  the  efficiency  of  a 
half  frosted  bulb.  It  was  found  that  the 
curves  for  the  distribution  of  light  of  each 
lamp,  clear  and  half  frosted,  intersected 
at  an  angle  very  close  to  66°  in  each 
case,  and  the  candle-power  at  this  angle 
is  in  each  case  very  nearly  45  per  cent,  of 
the  horizontal  candle-power  of  the  clear 
lamp.  Thus  the  horizontal  candle-power 
of  the  clear  bulb  may  be  obtained  by 
multiplving  that  obtained  with  the  half 
frosted  "bulb  at  66=  by  2-22.  n 

A  focusing  tungsten  lamp  with  a 
spherical  bulb  silvered  near  the  socket 
has  been  introduced  within  the  past  year. 
This  lamp,  which  is  rated  at  32  candle- 
power  has  an  efficiency  of  1  watt  per 
candle.  In  another  lamp  there  is  a 
specially  shaped  reflector  in  close  prox- 
imity to  the  filament.  The  leading-in 
wire  enters  at  the  apex  of  the  reflector 
and  leaves  at  its  circumference,  i- 

A  system  has  been  developed  in  which 
14-volt  lamps  are  used  with  a  special 
transformer  for  each  lamp  or  for  each 
group  of  lamps.  Each  transformer  is 
connected  in  parallel  to  the  line,  and 
when  it  is  disconnected  the  primary 
circuit  is  broken  so  that  there  are  no  no- 
load  losses.  These  lamps  are  cheaper 
than  the  standard  110-volt  lamps,  in 
addition  to  which  advantage  are  the  long 
life    and    the    possibility    of    using    low 

»Zeit.fur  Bekurht..  April  .30tb.  19i:}. 
^EIpic.  Anzeig.,  Ai)iil  2411i.  l!)i:J. 
^OEkrfriral  World.  May  :5nl.  191:}. 
i^Elerfririfi)}.  A])ril  2.")"th.   li)i:}. 
^'^Elel:.  Anzrio.,  April  24th,  1913. 


candle-power.  The  lamps  are  thought  to 
be  especially  suitable  for  agricultural 
districts.  13 

In  order  to  avoid  the  excessive  glare 
inherent  in  filament  lamps,  a  patent  has 
been  taken  out  according  to  which  the 
outer  surface  of  the  lamp  bulb  is  made  in 
a  series  of  fine  substantially  parallel 
grooves  constituting  a  system  of  prisms. 
The  grooves  may  be  arranged  in  various 
ways.i* 

Electric  Arc  Lamps. 

The  open  and  enclosed  series  and 
multiple  arc  lamps  are  fast  disappearing, 
their  places  being  taken  by  the  magnetite 
and  the  flame  arc  lamps.  There  seems 
to  be  during  the  past  year,  as  far  as  arc 
lamps  are  concerned,  a  strong  tendency 
towards  the  use  of  larger  units  and  the 
cutting  down  of  intrinsic  brilliancy  of  the 
arc  even  at  a  sacrifice  of  efficiency. 

The  flame  arc  lamp  is  of  special  value 
in  lighting  large  areas,  and  is  particularly 
adapted  to  smoky  and  dusty  places,  such 
as  foundries,  blacksmith  shops,  and  rail- 
road train  sheds.  In  fact  one  of  the 
largest  railroads  in  the  country  spent 
months  in  trying  out  various  systems  in 
lighting  for  the  train  shed  of  one  of  their 
large  stations,  and,  after  experimentinu; 
with  various  systems  of  lighting  finally 
decided  to  use  the  flame  arc  lamp  exclu- 
sively, adopting  it  also  for  the  yard. 

This  lamp  has  been  improved  so  that 
the  fumes  thrown  off  by  the  arc  are 
condensed  and  so  are  prevented  from 
forming  a  deposit  on  the  globe  and  from 
escaping  into  the  air.  The  lamp  is  also 
economical  as  far  as  maintenance  is 
concerned,  as  one  set  of  carbons  will  burn 
from  100  to  120  hours  without  attention. 

A  rather  novel  device  is  an  arrangement 
for  converting  any  enclosed  arc  lamp, 
alternating  or  direct  current,  series  or 
multiple,  and  regardless  of  voltage,  into 
a  flame  arc  lamp,  i  •'  Many  minor  improve- 
ments have  been  made  in  construction  of 
the  arc  lamp  such  as  making  the  clutch 
work  on  the  electrode  indirectly,  thereby 
keeping  it  independent  of  the  size  of  the 
electrode,  improving  the  feeding  arrange- 
ment, &c.  The  lamps  are  now  made  to 
give  any  desired  range  of  colour  and  to 

^^ Electrical  World.  ■DccimhIkt  28th.  1912. 
^*Electricnl    World.   Srptciuhcr    14th.    1912. 
^^Eleclrkal  World,  March  1st,  1913. 
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work  under  any  ordinary  condition  even, 
as  in  one  lamp  recently  introduced,  on  a 
25  cycle  circuit,  and  have  reached  an 
efficiency  of  0-25  watt  or  better  per  candle 
with  possibilities  of  further  improvement. 

One  of  the  most  interesting  applications 
of  the  long-hour  series  alternating  current 
flame  carbon  arc  lamp  is  to  low  frequency 
circuits  of  25  cycles.  With  the  unimpreg- 
nated  carbon  lamp,  there  is  a  flicker  at 
each  reversal  of  polarity  which,  at  this 
frequency,  is  very  marked.  In  the  flame 
arc  lamp,  the  light  is  obtained  from  the 
arc  screen  and  is,  therefore,  independent 
of  polarity.  16 

A  discussion  was  reported  about  the 
end  of  last  year  in  which  were  reviewed 
the  results  produced  upon  the  stability  of 
the  electric  arc  by  wind  currents,  magnetic 
fields,  movements  and  presence  of  solid 
obstruction,  &c.i"  In  an  investigation 
made  in  regard  to  the  evaporation  tem- 
perature of  the  arc  lamp  it  was  found 
that  the  temperature  is  independent  of 
the  current,  but  varies  with  atmospheric 
pressure,  proving  that  the  atmosphere  of 
the  crater  is  at  the  boiling  temperature  of 
carbon.  A  peculiar  phenomenon  noticed 
was  that  the  positive  crater  seems  to 
begin  to  boil  at  pressures  below  atmo- 
spheric.'^ 

Vacuum  Tube  Lamps. 

One  of  the  more  recent  developments 
of  the  mercury  vapour  lamp  is  a  com- 
bination with  the  tungsten,  an  apparent 
white  light  being  thereby  produced.  The 
unit  is  very  compact  and  is  furnished 
with  a  novel  starting  device.  The  con- 
sumption of  this  lamp  is  claimed  to  be 
0'73  watt  per  mean  hemispherical  candle- 
power,  i^  Another  recent  form  of  the 
mercury  vapour  lamp  is  one  with  a 
snecially  designed  quartz  tube  and  de- 
signed particularly  for  street  lighting. 
This  lamp  is  started  by  means  of  a  heated 
spiral  which  vaporizes  a  small  portion  of 
the  mercury  :  this  is  automatically  cut 
out  of  circuit  when  the  lamp  is  in  opera- 
tion and  renders  tipping  unnecessary. 
The  lamp  is  recommended  for  the  varying 
voltages   met   with   on   traction   circuits 

^''Elfctriral  World,  July  26th,  1913. 
^'Ekrfrirnl  Jovrnal,  December,  1912. 
^^Jnl.fur  Gasbel.,  .luly  12th.  1913. 
^^Illutninatinfj   Engineer   (London),    Octoher, 
1912. 


and  is  said  to  consume  about  0'4  watt 
per  candle.  2  0^  21 

Another  development  has  been  the  use 
of  tungsten  instead  of  platinum  wires  for 
sealing  in  of  the  electrode  wires  and  the 
employment  as  a  sealing  material  of  a 
special  high  temperature  glass,  having 
nearly  the  same  coefficient  of  expansion 
as  the  tungsten.  Graded  glass  is  inserted 
between  the  sealing  glass  and  the  quartz 
chamber  walls  in  order  to  effect  a  suitably 
graded  transition  from  the  quartz  to  the 
sealing  material.  2  2 

A  new  method  has  been  devised,  appH- 
cable  to  any  lamp  depending  upon  a 
vacuum,  of  sealing  the  conductors  through 
the  glass,  and  by  which  perfect  seals  may 
be  obtained  between  easily  oxidizable 
metals  and  glass  of  low  fusing  point. 
After  inserting  the  conductor  through  the 
aperture  in  the  glass,  the  latter  is  strongly 
heated  by  means  of  a  blow  pipe  flame 
until  perfect  cohesion  has  been  obtained 
between  the  glass  and  the  metal.  The 
seal  is  then  taken  out  of  the  flame,  and 
when  it  reaches  a  dull  red,  the  leading-in 
wire  and  the  glass  surrounding  it  are 
cooled  by  several  immersions  in  a  special 
bath,  say  of  sperm  or  other  oil, wax  or  fat-^'"* 

The  value  of  the  ultra-violet  rays  of  the 
quartz  tube  mercury  vapour  lamp  is  be- 
coming recognised.  The  lamp  is  now 
used  for  sterilising  and  the  destruction  of 
bacteria.  This  effect,  however,  decreases 
in  time,  due  partly  to  the  formation  of  an 
obscuring  deposit.  2  * 

Announcement  has  also  been  made  of  a 
vapour  lamp  giving  a  white  light.  In 
this  the  tube  is  filled  with  the  vapour  of 
cadmium  with  from  3  to  10  per  cent,  of 
mercury.  At  its  most  economical  point 
the  specific  consumption  is  0'16  watt  per 
candle.  2  5 

A  new  source  of  light  for  photo-electric 
work  and  said  to  have  an  effect  250  times 
as  great  as  the  mercury  lamp  has  been  in- 
troduced. This  is  a  vacuum  discharge  tube 
containing  hydrogen  at  low  pressure.  2  e 

Various  investigations  have  been  made 
upon  the  characteristics  of  neon  lamps. 

^OEkctrotech.  Zeilf^chr.,  March  201h,  1913. 
2i£/efc.  Anz.,  Fehruary  13th.  1913. 
^^Ehctrical  World,  May  10th,   1913. 
23Ehclricinn,  July  4th,"^  1913. 
24Soc.  Int.  Ehct:  Bull.  2,  Sec.  3,  June,  1913. 
'^^ Elect rolfch.  Zeitschr.,  September  5th,  1912. 
-^Phy<iiral  Review,   April,    1913. 
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It  was  found  that  when  the  tube  was 
placed  in  an  alternating  current  4,000- 
volt  circuit  with  a  transformer  and  con- 
denser, 0"72  amperes  usefully  traversed 
the  tube.  Introduction  into  the  circuit 
of  more  neon  tubes,  instead  of  decreasing 
the  current,  apparently  increased  it  up 
to  four  tubes,  after  which  the  current 
diminished.  The  phenomenon  was  not 
explained,  but  it  was  e^ddently  not  due 
to  resonance. ^^ 

Disappearance  of  various  gases  by 
passing  a  discharge  for  some  time  through 
vacuum  tubes  was  the  subject  of  another 
investigation  and  was  found  to  be  due  to 

2"Ze  Genie   Civil,  December  ]4th,   1912. 


definite  chemical  action  rather  than  to 
physical  absorption. ^^ 

Investigation  made  also  of  the  cause 
of  the  short  life  of  neon  tube  lamps  showed 
that  it  was  due  to  absorption  of  neon  by 
the  electrodes,  and  that  if  the  current 
density  at  the  electrodes  was  small,  the 
life  of  the  lamps  would  be  greatly 
increased.  By  employing  very  large 
electrodes,  therefore,  tubes  showed  no 
deterioration  in  2,000  hours'  use.  2  9,  30 

{To  he  continued.) 

^^Electrician,  November  loth,  1912. 
^^Electrician,  May  30th,  1913. 
^oCompicK.  rendvs,  April  28th,  1913. 


LIGHT,  ANCIENT 

A  POPULAR  lecture  on  this  subject 
was  given  by  Mr.  F.  H.  Taylor  at  the 
Willesden  Polytechnic  on  Wednesday, 
October  1st. 

The  lecturer  sketched  the  development 
of  light  in  very  early  times,  traced  the 
conditions  in  Old  London  when  every 
householder  was  compelled  to  hang 
up  a  light  outside  his  door,  and 
described  some  of  the  early  experiences 
of  the  Gas  Light  and  Coke  Co.  a 
century  ago. 

Subsequently  Mr.  Taylor  turned  to 
modern  times,  making  special  reference 
to  the  great  progress  in  modern  illumin- 

ants. 

The  following  is  a  quotation  from  the 
Standard,  summarising  his  final  re- 
marks : — 


AND    MODERN. 

A  Great  Debt. 

"  Even  more  remarkable  than  the 
development  in  new  types  of  lamps," 
said  Mr.  Taylor  in  conclusion,  "  is  the 
development  which  has  taken  place  in 
the  proper  application  of  light.  The 
public  in  general  owe  much  to  tlie  work 
of  the  youngest  scientific  society  in 
London,  i.e.,  the  Illuminating  Engineering 
Society.  Founded  in  1909,  it  has  in 
that  short  time  not  only  collected  and 
published  an  inim^^nse  amount  of  know- 
ledge Oil  the  science  of  illimiinating.  but 
has  done  great  good  by  pointing  out  to 
people  the  awful  errors  in  bad  liglitin^ 
and  the  consequences  of  these  errors. 
Such  work  would  hardly  have  been 
possible  but  for  the  fact  that  we  inolude 
in  that  society  not  only  representative 
men  in  every  branch  of  lighting- — in 
electric  lighting,  gas  lighting,  oil,  and 
acetylene,  but  also  medical  nien  and 
oculists." 


ILLUMINATION   AND    MODERN    METHODS   OF   LIGHTING. 


At  a  meeting  of  the  Association  of 
Engineers  in  Charge  (London)  on 
Satmday,  November  15th,  a  lecture  on 
the  above  subject  was  given  by  Mr. 
H.  C.  Wheat,  who  showed  an  ingenious 
little  cupboard  in  which  demonstrations 
of  the  utility  of  various  kinds  of  leflectors 
were  given.  The  hall  was  lighted  by  a 
variety  of  indirect  and  semi-indirect 
units,  and  a  selection  of  reflectors  made 
of  glass  and  metal  was  exhibited. 


It  is  interesting  to  note  that  it  was 
in  the  hall  of  the  Association  of  Engineers 
in  Charge,  which  is  thus  demonstrating 
its  continued  interest  in  illumination, 
that  the  historic  meeting  took  place  in 
1907,  when  Mr.  Gaster  read  his  paper 
on  the  need  for  the  Illuminating 
Engineer.  It  was  at  this  meeting  that 
the  forthcoming  publication  of  The 
Illuminating  Engineer  was  first 
announced. 
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Sir  William  Renrp  Preece. 


Bern  Feb.  15th.  Is34— Died  Nov.  Gth,  1913. 

On  November  6th  there  passed  away,  in 
his  eightieth  year,  one  of  the  pioneers  of 
telegraph  engineering,  the  friend  of 
Professor  D.  E.  Hughes,  Latimer  Clark 
and  the  old  guard  of  electrical  engineers. 

Other  journals  have  described  his 
parentage  and  education,  his  early  con- 
nection with  railway  signalling,  the 
development  of  telegraphy  under  his 
administration  at  the  Post  Office,  and 
the  many  scientific  societies  of  which  he 
was  a  member.  The  mere  titles  of  the 
papers  which  he  read  before  them  would 
fill  two  of  theee  columns,  and  ten  or  more  of 
them  relate  to  lighting  and  photometry. 
It  is  significant  of  his  huge  activity  that 
the  notices  of  his  death  in  other  journals 


have  said  little  if  anything  of  his  work 
on  these  subjects,  .and  it  is  fitting  that 
this  page  should  deal  with  little  else. 

Sir  William  Preece's  good  nature  made 
him  an  easily  approachable  man,  not- 
withstanding the  important  position  which 
he  held  at  the  Post  Office.  In  1883  he 
was  advising  the  Streets  Committee  of 
the  Commissioners  of  Sewers  of  the  City 
of  London  on  the  experimental  lighting 
of  the  streets.  I  went  to  see  him  with 
samples  of  my  dioptric  shades.  A  messen- 
ger took  him  my  card,  there  was  no  watch- 
dog secretary  or  assistant  to  keep  ofT 
an  unknown  young  man  with  an  invention 
and  with  no  introduction,  he  received  me 
with  kindness  and  promised  to  test  my 
shades  at  the  first  opportunity.  This  led 
to  my  seeing  a  good  deal  of  his  street- 
lighting  experiments  and  of  his  laboratory 
work.  In  this  he  was  assisted  in  details 
by  H.  R.  Kempe  and  I.  Probert,  but  I 
believe  that  he  was  the  first  to  recognise 
and  to  make  practical  measurements  of 
illumination  as  distinguished  from  candle- 
power,  and  he  showed  how  in  street 
lighting  such  measurements  added  up 
the  illumination  received  from  several 
lamps.  The  association  which  I  was 
privileged  to  have  with  him  in  the  con- 
struction of  three  or  four  different  photo- 
meters for  the  direct  measurement  of 
illumination  on  a  horizontal  plane  enables 
me  to  judge  of  his  intimate  knowledge  of 
the  scientific  side  of  such  work,  his  desire 
to  achieve  the  conflicting  ends  of  accuracy 
and  of  simplicity,  and  his  zeal  for  practical 
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results.  I  remember  his  delight  in  finding 
that  his  photometer  demonstrated  the 
falling  of?  of  the  lighting  at  the  west  end 
of  Holborn  Viaduct,  owing  to  the  resis- 
tance of  the  mains  fed  from  Edison's 
"  Jumbo." 

One  other  branch  of  his  work — his 
labours  in  connection  with  units  and 
standards — should  not  be  forgotten.  Be- 
sides being  the  originator  of  the  illumin- 
ation photometer  Sir  Wm.  Preece  was 
responsible  for  naming  the  unit  of 
illumination.  At  the  Paris  Electrical 
Congress  of  1889  he  proposed  for  the 
car  eel-metre  the  term  "  lux." 

There  was  much  talk  in  those  days  of 
the  subdivision  of  electric  light.  He 
recognised  the  limitations  of  the  arc, 
and  after  satisfying  himself  of  the  prac- 
ticability of  the  project,  he  carried  out 
the  lighting  of  a  street  in  Wimbledon 
in  May,  1884,  with  Swan  lamps  in  series- 
parallel  supplied  with  current  from  a 
Hochhausen  nine-ampere  arc  lighter. 
Several  different  kinds  of  his  street 
photometers  were  used.  A  handcart 
with  six  huge  bichromate  cells  and  a 
Cardew  differential  galvanometer  with 
two  resistance  boxes  were  needed,  and 
he  made  measurements  of  the  illumination 
at  every  ten  feet  and  plotted  the  illumina- 
tion curves  and  by  them  compared 
several  different  kinds  of  reflectors. 
Thus  he  would  spend  his  evenings  after 
his  responsible  official  work  at  the  Post 
Office,  but  in  the  early  morning  he  would 
put  on  a  jacket  and  sit  up  in  bed  and 
patiently  work  out  not  only  the  tedious 
calculations  of  photometric  quantities 
with  cosine  tables,  but  the  electrical 
measurements  which  the  crude  photo- 
meters of  those  days  necessitated  ;  and 
it  was  thus  that  he  wrote  his  innumerable 
lectures  and  papers. 


Lucid  as  a  writer,  facile  as  a  speaker, 
and  more  original  as  a  thinker  than 
some  of  us  imagine,  his  useful  work 
outside  his  official  duties  did  not  consist 
so  much  in  contributions  to  engineering 
or  to  science  as  in  his  influence  on  the 
public.  He  was  better  at  the  Society  of 
Arts  or  at  the  British  Association  than 
at  the  Institutions  of  Civil  or  Electrical 
Engineers.  At  those  latter  meetings  he 
seemed  to  do  himself  injustice  at  times, 
but  perhaps  he  knew  his  audience  better 
than  they  knew  themselves.  He  threw 
himself  enthusiastically  into  such  enter- 
prises as  the  really  useful  exhibitions  of 
the  'eighties,  and  in  working  up  a  lecture 
he  would  secure  the  best  information,  and 
afterwards  astonish  those  whom  he  had 
consulted  by  a  far  better  presentation  of 
their  facts  than  they  could  have  given. 
Thus  in  his  vigorous  and  felicitous 
manner  he  brought  electrical  engineering 
and  the  science  of  the  day  down  to  the 
popular  level.  This  is  a  thankless  task. 
It  is  not  valued  by  deep  thinkers  whom 
the  public  cannot  understand,  nor  can  it 
be  judged  by  those  engaged  on  great 
undertakings  which  the  public  can  only 
vaguely   appreciate. 

I  saw  my  old  friend  at  his  house  near 
Carnarvon  about  three  weeks  before 
his  death,  sitting  in  his  library,  the 
shelves  full  of  notes  and  papers,  the 
tables  covered  with  books  on  Egyptok)gy, 
and  the  floor  strewn  with  tlie  weekly 
electrical  and  engineering  journals.  He 
could  speak  only  in  a  whisper,  but  suffered 
no  pain.  Amongst  other  things  he  spoke 
of  the  advances  of  street  lighting  and  the 
photometry  of  illumination,  and  re- 
gretted that  he  had  been  uhable  to  attend 
the  meetings  of  the  Illuminating  Engineer- 
ing Society. 

A.  P.  Trotter. 
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NATIONAL    GAS    EXHIBITION. 

Some  Proceedings  at  the  Conference  of  Manufacturers  taking  place  on 
Wednesday,  October  29th,  I9I3. 


The  proceedings  at  this  Conference, 
which  took  place  at  the  very  end  of  last 
month,  were  necessarily  omitted  from 
our  last  number.  We  now  take  the 
opportunity  of  giving  a  brief  summary 
of  the  papers  presented. 

The  Conference  was  opened  by  Lord 
Weardale,  who  remarked  that  the 
subject  for  discussion  was  one  of  immense 
industrial  importance.  It  was  now 
recognised  that,  whatever  had  been  the 
case  in  the  past,  the  gas  companies, 
having  been  granted  a  monopoly  by 
Parliament,  were  under  the  obligation 
of  giving  the  best  possible  service  to  the 
public.  The  plan  adopted  of  organising 
this  series  of  Conferences  at  the 
Exhibition  was  surely  an  illustration 
of  the  desire  of  modern  companies  to 
do  all  in  their  power  to  fulfil  these 
obligations. 

The  Industrial  Uses  of  Coal  Gas. 

The  paper  by  Prof.  W.  A.  Bone  on 
this  subject  dealt  mainly  with  the  use 
of  gas  for  heating  purposes.  Prof. 
Bone  described  in  detail  the  appli- 
cations of  gas  in  the  smelting  of 
metals  and  in  such  processes  as  the 
melting  of  almninium,  bronze  and  alloys 
in  crucible  furnaces,  &c.  Some  par- 
ticulars were  given  of  the  industrial 
consumption  of  gas  in  works  at  Birming- 
ham, Sheffield  and  Glasgow  in  connection 
with  the  hardening,  tempering  and 
annealing  of  special  steels.  In  this 
work  the  necessity  for  accurate  tempera- 
ture control  has  led  to  gas  fires  being 
extensively  used.  In  connection  with 
the  melting  of  type  used  in  the  printing 
trade  (it  was  stated  that  one  of  the 
leading  London  daily  papers  requires 
no  less  than  20  tons  of  molten  metal 
during  sixteen  out  of  the  24  hours)  gas 
heating  is  also  convenient. 

In  the  concluding  section  of  his  paper 
Prof.  Bone  referred  to  the  distribution 
of  gas  at  high  pressure.  He  stated  that 
the  cost  of  distribution  by  this  method 


works  out  to  less  than  one-third  of  that  of 
laying  a  low-pressure  main  of  similar 
capacity. 

Mr.  H.  M.  Thornton  proposed  a  vote 
of  thanks  to  Prof.  Bone  and  dwelt  upon 
the  importance  of  specialisation.  Manu- 
factiu;ers  were  fully  alive  to  this  and  in 
the  case  of  his  own  firm  they  had  at  least 
six  men  who  were  constantly  travelling 
in  different  parts  of  the  country  giving 
advice  on  their  specialities. 
■  Mi.  G.  Shaw  Scott  seconded  the  vote 
of  thanks  and  Mr.  F.  W.  Goodenough 
referred  to  other  uses  of  gas  such  as  the 
heating  of  incubators  and  crematoriums. 

Prof.  Bone,  in  replying,  remarked 
that  he  had  only  referred  incidentally 
to  sm"f  ace-combustion,  but  he  hoped 
to  give  a  lecture  on  this  subject  at  the 
Royal  Institution  at  the  end  of  February 
next. 

The  Economic  Value  of  Adequate 
Illumination. 

Mr.  Leon  Gaster  recalled  that  in  a 
communication  to  the  Royal  Society  of 
Arts  on  February  7th  of  the  present 
year  he  had  pointed  out  that  good 
illumination  of  the  factory  is  needed 
(a)  as  a  hygienic  necessity ;  (6)  as  a 
means  of  preventing  accidents  ;  and  (c) 
on  purely  economic  grounds.  He  quoted 
at  length  from  the  evidence  on  these 
points  mentioning  the  valuable  germicidal 
action  of  sunlight ;  this  was  fully 
recognised  in  the  legislation  of  Holland, 
where  the  employment  of  women  and 
children  was  forbidden  in  underground 
premises  lighted  only  by  artificial  means. 
Reference  was  made  to  the  legislation 
of  other  countries,  such  as  India  and 
New  Zealand,  when  specific  reference 
to  the  need  for  good  illumination  was 
made.  Instances  were  given  of  accidents 
caused  by  insufficient  artificial  light. 
It  was  also  pointed  out  that  in  a  badly 
lighted  room  machinery  is  rarely  properly 
cleaned  and  that  this  frequently  paves 
the  way  for  a  breakdown. 
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Mr.  Gaster  next  alluded  to  the  statistics 
of  the  Fidelity  and  Casualty  Co.  of 
New  York  which  showed  that  the  greatest 
number  of  accidents  occurred  in  the 
winter  months  when  much  work  was 
done  by  artificial  light.  Mr.  Franklin 
Thorp  in  his  paper  at  the  Conference 
on  October  17th  had  given  some  similar 
statistics  furnished  by  the  Master  Cotton 
Spinners'  Association  which  led  to 
substantially  the  same  conclusion.  Mr. 
Franklin  Thorp  also  mentioned  cases 
of  men  leaving  one  works  and  applying 
at  another  simply  because  of  the  better 
lighting.  It  was  common  experience 
that  all  the  difficulty  of  all  operations 
involving  attention  to  intricate  machinery, 
special  adjustment  of  parts,  fine  observa- 
tion of  light  and  shade,  &c.,  was 
enormously  increased  when  the  illumina- 
tion was  poor.  A  special  case  might 
be  made  out  for  extra  good  illumination 
in  the  case  of  dark  materials  ;  a  person 
sewing  stuff  of  this  kind  needed  a  much 
stronger  light  than  one  who  was  working 
on  white  linen,  &c. — simply  because 
so  little  light  is  reflected  to  the  eye. 

Mr.  Gaster  added  that  the  exports 
of  manufactured  goods  from  Great 
Britain  to  various  countries  amounted 
to  hundreds  of  millions  of  pounds.  The 
percentage  of  spoiled  material  might 
be  estimated  at  several  million  pounds, 
and  it  was  highly  probable  that  a  very 
considerable  portion  of  this  sum  might  be 
saved  by  improved  illumination.  In 
a  recent  paper  presented  at  the  recent 
convention  of  the  American  Illuminating 
Engineering  Society  it  was  stated  that 
in  most  large  works  the  cost  of  a  man's 
labour  per  day  was  3'5  dollars  (14s.  6d. 
a  day),  while  the  cost  of  light  for  each 
man  was  only  0'0206  dollars  (Id.)  per 
day.  Similar  figures  had  been  quoted 
by  Mr.  Franklin  Thorp  and  also  Mr. 
Clewell  in  his  book  on  Factory  Lighting. 
The  essential  point  was  that  the  amount 
spent  on  the  lighting  was  in  general 
but  a  small  fraction  of  the  wages  bill  and 
the  expenses  involved  in  improving  the 
illumination  would  surely  be  more  than 
counterbalanced  by  the  improvement 
in  output  and  quality  of  work. 

The  next  section  of  the  paper  was 
devoted  mainly  to  a  series  of  suggestions 
as  to  points  to  be  observed  in  factory 
lighting,  such  as  absence  of  glare,  good 
diffusion  of  light  and  avoidance  of  flicker. 


As  regards  intensity  it  appeared  that  for 
general  illumination  a  value  between 
J  and  I  a  foot-candle  would  answer ; 
for  more  detailed  operations  special 
local  illumination  would  be  needed,  the 
value  depending  on  the  character  of  the 
work.  Another  important  point  was 
the  direction  of  the  light.  Inconvenient 
shadows  from  cutting  tools,  circular  saws, 
&c.,  might  easily  lead  to  spoiled  work  and 
even  to  a  serious  accident.  Mr.  Gaster 
also  commented  on  the  fact  that  whereas 
windows  through  which  natural  light 
is  admitted  are  usually  kept  fairly 
clean,  people  are  apt  to  neglect  the 
globes  and  chimneys  through  which 
the  artificial  light  comes.  Mr.  C.  E. 
Clewell  found  that  the  collections  of 
dust  on  fittings  during  three  weeks 
might  lead  to  a  loss  of  light  of  as  much  as 
40  per  cent.  The  cost  of  keeping  a  unit 
clean  during  this  period  should  not 
exceed  2|  cents.  (Id.),  while  the  money 
value  of  the  loss  of  light  during  the  same 
period  would  be  27  cents,  (approximately 
Is.  Hd.).  Mr.  Gaster  also  emphasised 
the  fact  that  the  lighting  engineer  should 
be  familiar  with  the  processes  going  on 
in  the  factory  to  be  lighted  ;  only  thus 
could  he  understand  exactly  where  the 
light  should  be  placed,  the  direction  the 
light  should  come  from,  and  what  strength 
of  illumination  was  needed. 

In  conclusion  he  suggested  several 
methods  of  illustrating  the  benefits  of 
improved  lighting,  mentioning  particularly 
a  method,  suggested  by  Mr.  Thurston 
J.  Kent,  of  timing  the  operations  first 
with  the  old  conditions  of  illumination 
and  then  with  the  new,  and  thus  showing 
the  greater  speed  resulting  from  better 
lighting  conditions. 

The  Illuminating  Engineering  Society 
were  collecting  information  on  such 
subjects.  He  hoped  that  manufacturers 
and  engineers  would  interest  themselves 
in   obtaining   records   of   this   kind. 

A  vote  of  thanks  to  the  author  was 
moved  by  Mr.  A.  J.  Whyte,  who 
complimented  Mr.  Gaster  on  the  good 
work  he  had  done  for  many  years  in 
connection  with  the  Illuminating 
Engineering  Society.  Mr.  Whyte  also 
referred  to  the  change  in  methods  of 
factory  lighting  during  recent  years. 
Formerly  things  were  done  on  a  more 
or  less  rule  of  thumb  method,  but  it  was 
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now  becoming  customary  to  estimate 
illumination  on  a  foot-candle  basis. 
If  science  could  be  allied  to  common- 
sense  in  this  matter  a  much  better  result 
might  be  obtained. 

The  vote  was  seconded  by  Mr.  J.  W. 
Glover,  who  said  that  his  experience  in 
factories,  dating  back  for  half  a  century, 
had  convinced  him  of  the  value  of  good 
lighting  for  securing  the  health  of  workers 
and  procuring  the  quality  and  production 
of  work.  He  also  entirely  agreed  as  to 
the  desirability  of  properly  arranging 
and  shading  the  lights  and  of  having  a 
maintenance  staff  where  the  installation 
was  large  enough. 

Subsequently  Mr.  Goodenough  moved 
a  vote  of  thanks  to  Lord  Weardale, 
who  was  unable  to  remain  longer  owing 
to  another  engagement. 

Matching  of  Colours  by  Artificial  Light. 

A  paper  on  the  above  subject  was  then 
read  by  Mr.  T.  Thorne  Baker,  who 
stated  that  many  industries  had  been 
hampered  for  years  by  '  the  difficulty 
of  colour  matching  by  artificial  light. 
It  must  be  pointed  out,  however,  that 
daylight  conditions  is  a  somewhat 
variable  quality. 

In  comparing  daylight  with  artificial 
light  several  methods  were  possible.  One 
might  obtain  photographs  of  the  spectra 
of  the  illuminants  to  be  compared  side 
by  side.  But  probably  the  best  method 
was  to  use  a  spectro-photometer,  an 
instrument,  that  is,  in  which  the  two 
spectra  can  be  reproduced  side  by  side 
and  the  brightness  of  each  colour  com- 
pared in  turn.  If,  in  these  circumstances, 
we  find  that  the  brightness  of  the  spectra 
can  be  made  to  agree  from  end  to  end  we 
may  be  tolerably  certain  that,  as  far  as 
colour  values  are  concerned,  the  two 
illuminants  resemble  each  other  exactly. 

Most  artificial  illuminants  differ  from 
daylight  in  having  an  excess  of  red  in 
their  spectrum  and  a  deficiency  of  blue. 
Mr.  Baker  presented  a  diagram  in  this 
connection  showing  how  by  treating  an 
incandescent  light  by  a  suitable  screen 
one  could  subtract  from  it  the  surplus 
radiation  and  convert  it  into  an  exact 
equivalent  to  daylight.  He  had  produced 
in  the  laboratory  a  filter  capable  of  pro- 
ducing  this   change.     It   consisted    of   a 


solution  in  which  were  dissolved  various 
aniline  dyes.  Besides  using  a  Hquid  cell 
of  this  kind  to  secure  the  necessary 
absorption,  one  could  employ  a  gelatine 
dry  filter.  It  might  be  remarked  that  the 
incandescent  mantle  lent  itself  particu- 
larly well  to  filtration  in  order  to  give 
artificial  daylight,  and  a  form  of  lamp 
suitable  for  use  in  testing  or  colour 
matching  rooms  could  be  made  at  quite 
a  low  cost.  Mr.  Baker  described  a  lamp 
of  this  kind,  and  remarked  that  in  order 
to  dift'use  the  light  a  ground  glass  screen 
should  be  placed  in  contact  with  the 
light  filter.  Another  method  was  to 
place  the  lamp  fairly  high  up  near  the 
ceiling  with  an  opal  or  white  reflector 
underneath  and  to  colour  the  ceiling  with 
the  right  tint,  to  act  as  an  absorption 
filter.  By  indirect  fighting  of  this  kind 
a  close  resemblance  to  daylight  could  be 
obtained,  but  it  was  not  so  easy  to  obtain 
perfect  purity.  In  cases  where  light 
filters  are  employed  the  deterioration  due 
to  the  heating  of  the  light  filter  must  be 
carefully  watched.  Spare  lamps  should 
be  set  on  one  side  and  used  as  standards 
from  time  to  time.  It  was  also  necessary 
to  pay  careful  attention  to  the  upkeep  of 
the  gas  lamp.  The  spectrum  given  by 
a  mantle  should  remain  constant,  but 
when  accurate  colour  matching  tests  are 
made  the  mantles  should  be  renewed  at 
frequent  intervals  and  the  same  make 
should  always  be  used. 

Subsequently  a  communication  sent  by 
Mr.  J.  Lovibond  to  the  meeting  was  read 
out  by  Mr.  Goodenough.  This  explained 
Mr.  Lovibond 's  system  of  testing  colours, 
on  which,  the  author  remarked,  there  was 
still  a  great  deal  of  misunderstanding 

Mr.  F.  W.  Goodenough  said  that  the 
whole  question  of  the  colour  of  illuminants 
was  a  most  important  one  to  manufac- 
turers. He  had  just  had  a  conversation 
with  several  gentlemen  interested  in  the 
dyeing  industry  who  said  that  if  the 
question  of  matching  colours  by  artificial 
light  could  be  satisfactorily  settled  it 
would  be  of  immense  advantage  to  that 
industry.  He  was  glad  to  see  that  the 
difficulties,  although  great,  did  not  appear 
to  be  insuperable  ;  and  he  hoped  that 
Mr.  Baker's  further  researches  would 
enable  us  to  obtain  a  convenient  and 
economical  form  of  artificial  daylight. 


THE    ILLUMINATING    ENGINEER 


605 


Prof.  Vivian  B.  Lewis  pointed  out 
the  importance  of  the  composition  of  the 
mantle.  In  early  days,  before  perfectly 
pure  chemicals  were  available,  some  of  the 
lights  gave  blue,  green  and  other  tints, 
according  as  there  was  a  predominance  of 
certain  materials  in  their  composition. 
But  of  late  years,  since  it  had  been 
possible  to  obtain  pure  thoria  and  ceria, 
much  more  constant  results  had  been 
obtained.  It  was  known  that  the  lighting 
power  of  an  ordinary  low-pressure 
mantle  was  a  maximum  with  about  one 
per  cent,  of  ceria.  But  he  had  found 
that  by  putting  in  as  much  as  two  per 
cent,  of  ceria  a  higher  illuminating  value 
could  be  got  when  high  pressure  was 
used  and  that  the  light  would  last  for  a 
much  longer  period.  For  example,  whereas 
a  high-pressure  mantle  to-day  would  only 
give  its  maximum  power  for  700  or  800 
hours  it  might,  with  an  increase  in  ceria, 
give  its  maximum  light  for  as  much  as 
3,000  hours.  He  felt  quite  certain  that 
if  one  were  to  specify  a  certain  pressure 
for  a  burner,  with  a  mantle  of  a  certain 
definite  composition,  one  would  ultimately 
get  a  light  which  would  be  a  sufficiently 
good  imitation  of  daylight  for  all  practical 
purposes  and  would  be  readily  repro- 
ducible. If  Mr.  Thorne  Baker  would 
make  some  experiments  on  these  lines  they 
should  lead  to  very  valuable  results. 

Mr.  Leon  Gaster  remarked  that  the 
real  difficulty  was  to  agree  upon  a 
standard  of  daylight,  which  was  varying 
from  hour  to  hour  and  from  day  to  day. 
Mantles  of  different  manufacture  varied 
somewhat  among  themselves,  and  labora- 
tory tests  alone  were  not  a  sufficient 
guide  to  practical  conditions. 

Mr.  Thorne  Baker,  in  reply,  said  that 
his  statement  that  incandescent  gas  was 
nearer  to  daylight  than  any  other  light 
must  be  taken  with  some  reserve.  But 
he  had  found  that  when  artificial  day- 
light was  required  at  short  notice,  and  it 
was  necessary  to  prepare  filters  on  the 
spot,  incandescent  gas  was  the  most  easy 
illuminant  to  work  with. 

Lighting,    Heating    and    Ventilation    of 
Factories  and  Workshops. 

The  first  section  of  this  paper,  by  Prof. 
Vivian    B.    Lewes,    dealt    mainly    with 


heating.  Subsequently  Prof.  Lewes  re- 
ferred to  the  difficulty  of  laying  down 
any  hard  and  fast  rule  for  either  heating 
or  lighting  appliances  in  factories.  The 
workers  in  cotton  mills  require  a  high 
degree  of  illumination  ;  but  each  trade 
has  its  own  requirements.  In  general, 
no  matter  what  the  variety  of  work 
carried  out,  a  large  workshop  requires 
two  entirely  distinct  methods  of  lighting 
— a  general  illumination  to  enable  the 
floor  space  and  machinery  to  be  seen 
perfectly,  and  local  illumination  concen- 
trated on  the  special  work  each  man  is 
carrying  out. 

The  lights  for  general  lighting  are  prefer- 
ably arranged  high  out  of  the  worker's 
range  of  vision  while  the  local  lamps 
should  be  completely  shaded  from  the 
worker's  eyes  so  that  he  sees  only  the 
illuminated  objects  with  which  he  is 
working  and  not  the  mantle.  Moreover, 
the  general  lighting  is  preferably  provided 
by  means  of  lights  equidistant  from  each 
other,  but  the  local  lights  are  usually 
spaced  irregularly  to  fit  the  special  need 
of  each  workman.  In  conclusion,  Prof. 
Lewes  remarked  : — 

"  There  is  not  the  slightest  doubt  that 
bad  lighting  means  accidents,  bad  work, 
and  strained  eyesight.  But  it  is  un- 
doubtedly also  a  fact  that  the  more  light 
we  have  the  more  we  want ;  and  it  is  a 
perfectly  debatable  point  as  to  whether 
the  greater  and  greater  amount  of  light 
which  we  are  accustoming  ourselves  to 
use  is  not  having  a  serious  effect  upon  the 
eyesight,  and  whether  in  days  to  come 
we  may  not  have  to  admit  that  Nature 
resents  excess  in  this  as  in  everything 
else.  We  should  never  forget  this,  nor 
the  fact  that  proper  lighting  is  much  more 
a  question  of  the  correct  arrangement  of 
lights  than  of  candle-power." 

In  the  discussion  which  ensued  Mr. 
GooDENOUGH  referred  to  the  last  point 
raised  by  Prof.  Lewes.  He  (^Ir.  Good- 
enough)  considered  that  it  is  only  when 
light  is  abused  that  any  detrimental 
effect  on  the  eyes  need  be  feared.  For  the 
intensity  of  artificial  illumination  is 
almost  invariablv  far  less  than  day- 
light. 

Prof.  Lewes,  in  the  course  of  his  reply, 
expressed  general  agreement  with  Mr. 
Goodenougli      When   he   spoke   of  using 
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too  much  light  he  was  thinking  rather  of 
cases  in  which  the  eyes  were  not  shaded 
from  the  direct  rays  of  the  lamps.  In  his 
youth  he  had  done  most  of  his  school 
work  by  the  light  of  two  candles  at  the 
side  of  his  books,  yet  he  did  not  remember 
feehng  any  great  discomfort  from  in- 
sufficient light.  Nowadays  one  saw 
youngsters  working  by  the  light  of  an 
unshaded  mantle  giving  sixty  candles 
within  three  feet  of  the  eyes.  Could  it 
be  expected  that  the  eyes  would  be 
kept  in  a  fit  condition  in  these  circum- 
stances ? 


Again,  it  did  not  follow  that  because 
they  had  so  much  illumination  in  the 
daytime  they  should  provide  an  equal 
amount  of  light  by  night.  Nature  had 
allowed  a  certain  number  of  hours  of 
darkness — possibly  in  order  to  rest  the 
eyes.  It  was  questionable  whether,  if  the 
artificial  illumination  at  night-time  were 
habitually  as  strong  as  that  experienced 
in  the  day,  this  would  not  be  harmful  to 
the  eyes. 

A  vote  of  thanks  to  Prof.  Lewes  was 
then  passed  and  the  proceedings  ter- 
minated. 


THE  INDIRECT  LIGHTING  OF  A  MOTOR  SHOWROOM. 


The  two  illustrations  on  the  opposite  page 
show  one  effective  method  of  lighting  a 
modern  motor  showroom.  The  premises 
in  question  are  those  of  the  Studebaker 
Co.  in  Great  Portland  Street,  which  are 
illuminated  by  indirect  units,  containing 
Osram  lamps. 

Fig.  1  shows  a  view  of  the  interior  of  the 
showroom,  Fig.  2  a  general  view  taken 
outside  in  the  street  in  which  the  two 
lower  floors  of  the  building  belonging  to 
the  company  are  seen  brilliantly  lighted 
up.  The  showi-oom  on  the  ground  floor 
is  61  'ft.  6  in.  long,  51  ft.  broad  and  13  ft. 
high,  thus  occupying  roughly  3,000  sq. 
ft.  There  are  on  the  ground  floor  twenty- 
four  indirect  units  in  use  of  which  twenty- 
two  are  in  the  showroom.  Each  of 
these  contains  four  60-watt  tungsten 
lamps.  The  illumination  on  the  work- 
ing level  is  very  uniform,  being  about 
5^  ft. -candles  everywhere.  The  con- 
sumption of  electricity  for  the  installation 
works  out  to  rather  under  18  watts  per 
sq.  ft.,  thus  demonstrating  that  this  is  a 
case  in  which  extreme  economy  in  con- 
sumption of  electricity  is  rightly  made 
subservient  to  the  production  of  a  well- 
diffused    and    effective    illumination    in 


keeping  with  the  standard  of  the  goods 
supplied. 

In  an  important  showroom  of  this  kind 
this  is  surely  the  right  view  to  take.  The 
cost  of  lighting  is  in  any  case  but  a  small 
fraction  of  the  total  annual  turnover,  but 
it  makes  all  the  difference  to  the  impres- 
sion received  by  the  visitor,  whether  such 
a  showroom  is  satisfactorily  lighted  or  no. 
The  illumination  provided,  in  this  case, 
5J  ft. -candles,  is  probably  unusually  high 
for  a  tungsten  lamp  installation. 

Another  feature  of  interest  is  the  way 
in  which  the  light  from  the  illuminated 
ceiling  enters  into  each  corner  of  the  room 
so  that  there  is  only  quite  a  light  shadow 
underneath  the  cars,  and  visitors  can 
stoop  and  examine  all  the  parts  without 
their  view  being  obstructed.  For  this 
reason  indirect,  and  semi-indirect 
methods,  seem  to  be  very  applicable  to 
the  lighting  of  rooms  containing  machinery 
and  bulky  objects,  which  have  to  be 
looked  at  from  many  quarters  and  even 
examined  from  below. 

For  the  particulars  given  in  this  article 
we  are  indebted  to  the  courtesy  of  the 
General  Electric  Co.,  Ltd.,   of  London. 
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View  of  outside  showing  orround  floor  and  tirst  floor  lighted  up 


View  of  sliowrooni,  illustrat iny  soft  sliadou-  from  iiulirt'i-t  units. 

Two  views  of  a  Motor  Showroom  lighted  by  indirect  units  (Studebaker,  Ltd. 

Gt.  Portland  St.,  W.). 

(Photos,  taken  entirely  hij  artificial  licjht.) 
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SOME   QUERIES   ON   DAYLIGHT   ILLUMINATION. 


Ox  Tuesday,  December  16th,  1913,  a 
paper  on  "  Problems  in  Daylight  Illumin- 
ation with  special  reference  to  school 
planning  "  is  to  be  read  at  a  meeting  of 
the  Society  by  Mr.  P.  J.  Waldram. 

Meantime  the  following  series  of  queries 
has  been  prepared  by  the  Sub-Committee 
of  the  Society  charged  with  the  investiga- 
tion  of   this   subject. 

Anyone  interested  is  invited  to  send 
mformation  on  these  points  to  the  Hon. 
Secretary  of  the  Society  (Mr.  L.  G aster. 
32,  Victoria  Street,  London,  S.W.). 

(1)  What  measure  would  you  suggest 
for  the  minimum  actual  illumination 
on  the  desk  for  reading  in  the  schoolroom 
in  full  (midday)  daylight  ? 

(2)  What  is  the  minimum  intensity 
of  daylight  illumination  on  the  worst- 
lighted  desk  in  a  schoolroom  at  which 
you  consider  that  it  becomes  :  (a)  prefer- 
able, (b)  essential  to  turn  on  the  artificial 
light  in  the  evening  ? 

(3)  Do  you  consider  a  combination  of 
daylight  and  artificial  illumination  to  be, 
{a)  satisfactory,  or  (b)  inconvenient  to 
vision  ? 

(4)  Under  what  sky  conditions  or 
under  what  degree  of  sky  brightness 
should  the  above  minimum  dayhght  illu- 
mination be  obtained  with  a  free  horizon  ? 

(5)  To  what  angle  with  the  horizontal 
do  you  consider  that  surrounding  build- 
ings can  be  allowed  to  obstruct  the  sky 
hemisphere  subtended  at  the  window 
without  materially  affecting  the  light 
afforded  by  windows  if  the  latter  are 
of  suitable  wndth,  and 

(a)  Subtend  an  angle  of  not  less  than 
25°  with  the  back  desk, 

(b)  Subtend  any  lesser  angle  ? 

(6)  Is  it  desirable  to  specify  that  a 
certain  vertical  and  horizontal  angle  of 
sky  should  be  visible  from  all  the  desks 
in  a  room?  What  angles  are  necessary  to 
ensure  the  minimum  illumination  under 
conditions  of  minimum  sky  brightness  ? 

(7)  What  are  the  recommendations  for 
dimensions     of     schoolrooms     in      your 


country  ?  and  what  regulations  are  usual 
with  regard  to  the  window  area  of  rooms 
of  a  certain  size  ?  Do  you  consider  it 
preferable  to  specify  that  the  window 
glass  (but  not  necessarily  visible  sky) 
should  subtend  a  certain  vertical  and 
horizontal  angle  at  the  back  of  the  room, 
and  what  angles  would  you  suggest  as 
desirable  in  order  to  obtain  the  minimum 
illumination  under  conditions  of  minimum 
sky  brightness  ? 

(8)  What  is  the  best  method  of  relating 
the  illumination  on  the  desk  in  the  school- 
room with  (a)  the  unrestricted  illumina- 
tion outdoors,  (b)  the  sky  brightness  ? 
Do  you  think  that  such  data  constitute 
a  practical  method  of  comparing  the 
access  of  daylight  into  various  buildings  ; 
and  that  they  could  be  made  the  basis 
of  a  specification  stating  the  size  of  win- 
dows and  dimensions  of  schoolrooms  ? 

(9)  What  in  your  experience  is  the  usual 
variation  in  daylight  illumination  met 
with  respectively  in  the  case  of  the  worst 
and  best-lighted  desks  in  a  schoolroom  ? 

(10)  Are  you  in  favour  of  unilateral 
lighting  (windows  on  one  side  only) 
in  a  schoolroom  ?  Or  do  you  consider 
additional  windows  in  the  other  walls, 
or  skylights  (when  practicable)  also  desir- 
able ?  In  cases  where  bilateral  lighting 
is  unavoidable,  do  you  consider  that  its 
effects  can  be  mitigated  by  skylights  or 
windows  at  a  high  angle  ? 

(11)  Do  you  consider  glazed  partitions 
giving  light  from  a  well-lit  room  to  one 
less  well  lit  to  be  (a)  a  useful  expedient, 
(b)  preferable  to  a  light  coloured  wall 
space  ? 

(12)  Do  you  consider  photometric  tests 
in  small  models  of  buildings  trustworthy 
as  a  means  of  determining  the  illumina- 
tion to  be  derived  from  windows  ;  have 
you  any  records  of  such  tests  ? 

(13)  Is  it  desirable  to  recommend  that 
the  walls  and  ceilings  in  a  room  should 
have  a  certain  minimum  reflecting  power  ? 

(14)  Have  you  any  other  suggestions 
to  make  regarding  the  measurement  of 
daylight  illumination  ? 
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OF 

Zbc  3Uuminatiiu3  lEnoinceririG  Society 

(Founded  in  London,  1909.) 

{The  Illuminating  Engineering  Society  is  not.  as  a  body,  responsible  for  tJie  opinions 
expressed  by  individual  authors  or  speakers.) 

FIRST   MEETING  OF  THE   SESSION. 

(Held  at  the  House  of  the  Royal  Society  of  Arts  (London)  at  8  p.m.  on  Tuesday, 

Nov.  iSth,  1913.) 

The  opening  meeting  of  the  Session  took  (respectively  Presidents  of  the  Institution 
place,  as  announced  above,  on  Nov.  18th,  of  Gas  and  Electrical  Engineers)  had 
Mr.  F.  W.  Goodenough  being  in  the  chair.  been  added  to  the  list  of  Vice-Presidents. 
The  minutes  of  the  last  meeting  having  At  a  recent  meeting  the  Council 
been  taken  as  read  the  Hon.  Secretary  had  also  added  the  name  of  their  chair- 
announced  the  names  of  new  members  in  man,  Mr.  F.  W.  Goodenough,  as  a  slight 
the  usual  way.  He  remarked  that  there  recognition  of  his  services  in  bringing 
had  been  an  increase  of  over  40  members  prominently  forward  the  subject  of  illum- 
during  the  vacation  and  the  Society  ination  at  the  National  Gas  Exhibition, 
had  obtained  some  most  distinguished  The  Society  has  recently  undergone  a 
supporters.  It  would  be  observed  that  great  loss  in  the  death  of  one  of  its  most 
the  names  of  Prof.  Vautier,  and  Mr.  distinguished  Vice-Presidents — Su-  Wm. 
Edward    Allen    and     Mr.     W.    Duddell  Preece. 

NEW  MEMBERS  OF  THE  SOCIETY. 

The  names  of  applicants  for  membership  read  out  at  the  previous  meeting  on  April 
29th*  were  formally  announced  at  the  Annual  Meeting,  on  June  3rd,  and  these  gentle- 
men declared  members  of  the  lUmninating  Engineering  Society. 

In  addition,  the  names  of  the  following  gentlemen  have  been  duly  submitted  and 
approved  by  the  Coimcil,  and  were  also  read  out  by  the  Hon.  Secretary  at  the  Annual 
Meeting  : — 

Vice-President : — 

Vautier,  Prof.  Professor  at  the  University  of  Lyons,  President  of  the 

International    Commission    on    Illumination,    3, 
Montel  de  Behuont,  Lyons. 

Crpated    Vice-Presidents  and  added  to  Council : — 

V.P.  M.C.     Allen.  E.j  President  of  the  Institution  of  Gas  Engineers,  Liver- 

Mem. /nsL  Gas  pool    United    Gas     Light     Co.,      Duke     Street, 

Engineers.  Liverpool. 

V.P.  M.C.     Duddell,  W.  President  of  the  Institution  of  i:iectrical  Engmeers, 

F.R.S.,  M.I.E.E.  56,  Victoria  Street.  London,  S.W. 

V.P.  M.C.     Goodenough.  F.  W.f  Chairman  of  Council.  Horseferry  Road.  London,  S.\\  . 
Mem.  Ins'.  Gas  Engrs. 

Ordinary  Members  ■  — 

Barker,  H.  Granville  Kingsway    Theatre,    Great    Queen    Street,    London. 

W.C.     (4) 
Behrens,  Capt.  T.  T.  United  Services  Club,  Pall  Mall.  London,  S.W.     (4) 


*  Illuyn.  Enq.,  Lond.     July,   1913.     p.   386. 

t  Mr.  Allen  and  Mr.  F.  \V.  Goodenough  are  ak-eady  Members  of  the  (  ounni. 
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Brylinski,  E. 

Burt,  C.  H. 

Bussell,  R.  C. 

Bussey,  S.  R. 
Chamen,  A.  D. 

Colqiihoun.  J. 
Copelin,  A. 

de  Artigas,  J.  A, 

du  Chattel,  J. 
van  Rossum 
Evans,  L. 
Filliol,  A. 

Fogg,  O.  H. 

Freeman,  E.  H. 

HeUig,  G. 

Ives,  R.   A. 
Johnson,  H.  W. 

Laughton,  E.  C. 

Leal,  J.  P. 
Luokiesh,  M. 
Macfarlane,  G. 
Masse,  R. 

Maurice,  F.  J. 

Meads,  H.  J. 
Mullard,  S.   R. 
Noad,  A.  C. 

Ogley,  D.  H. 
Palmer,  R.   H. 

Pye,  T.  E. 

Randall,  E.  L. 

Rej'-nolds,  Dr.  A. 

Rhodes,  S.  G. 


Director  of  the  Societe  "  Le  Triphase,"  member  of  the 

French    Electrotechnical    Committee,     &c.,    25, 

Quai    Aulagnier,    Asnieres  (Seine).     (4) 
Electrical   Engineer  and  Fittings  Manufacturer,  195, 

Wardour  Street,  London,  W.     (4) 
Director  of  Blanchard  Lamps  (British),  Ltd.,  13,  Gower 

Street,  London,  W.C.     (4) 
Rose  Bank.  Vicarage  Road,  Leyton.     (4) 
Electrical  Engineer.  Metro.   Elec.   Supply  Co.,  Ltd., 

16,  Stratford  Place,  London.     (4) 
1,  Bisham  Gardens,  Highgate,  London,  N.     (4) 
Works    Manager,    Special   Lamp   Dept.,   Edison   and 

Swan   United   Elec.    Light  Co.,   Ponders    End, 

Middlesex.     (3) 
Engineer    and    Managing    Director     to    Luz    Moore 

Artigas,    Ltd..    Spanish    representative    on    the 

International  Electrotechnical  Commission,    &c., 

4.  Arrieta,  Madbid.     (4) 
Chief  Engineer  and  Manager  of  the  Municipal  Gas 

Works,  Amsterdam.     (4) 
104,  Gray's  Inn  Road,  London,  W.C.     (3) 
Engineer  to  the  Electric  Supply  Co.   of  Geneva,   3, 

Chemin  Venel,  Geneva.     (4) 
Engineer  to  the  Consolidated  Gas  Co.,   128,  E.   15th 

Street,  New  York,  U.S.A.     (3) 
Electrical  Engineer,  20,  New  Bridge  Street,  London, 

E.G.     (4) 
Officer  in  charge  of  the  Birmingham  Gas  Department, 

Council  House,  Birmingham.     (4) 
27,  Byron  Road,  Harrow-on-the-Hill.     (4) 
Lecturer  on  Electrical  Installation  Work,  Royal  Tech- 
nical Institute,  Salford      (4) 
Asst.    Manager,    Incandescent    Lamp    and    Fittings 

Dept..    Siemens    Bros.    Dynamo    Works,    Ltd., 

Tyssen  Street,  Dalston,  London,  N.W.     (4) 
Mechanical  Engineer,     3,     Guildford     Place,    Russell 

Sqviare,  London,  W.C.     (4) 
Physical  Laboratory  of  the  National  Electric  Lamp 

Association, ^Cleveland,  Ohio,  X^.S.A.     (4) 
Secretary    of    Blanchard    Lamps  (British),  Ltd.,   50, 

Greenham  Road,  Muswell  Hill,  London,  N.     (4) 
Director  of  the  Societe  fran^aise  d'liclairage  and  de 

Chauffage  par  le  Gaz,  and  other  Companies,  22, 

rue  de  Calais,  ParLs.     (4) 
The  General  Electric  Co.,  Ltd.,  Queen  Victoria  Street, 

E.G.     (4) 
80,  Addison  Way,  Hendon,  London,  N.W. 
Engineer  to  the  British  Graetzin  Light  Ltd.  Chapter 

Street,  Westminster,  London,  S.W.     (3) 
Lamp    Dept.,    Edison    and    Swan     United    Electric 

Light  Co.,  Ponders  End,  Middlesex.     (3) 
Manager  of  the  Lamp  Department,  Messrs.  Watlington 

&  Co.,  Ltd.,  Biitannia  House,   48,  Milton  Street, 

London,  E.C. 
Royal  Technical  Institute,  Salford.     (4) 
Advt.    Manager,    Welsbach   Light   Co.,    Ltd.,    King's 

Cross,  London,  W.C.     (4) 
Engineer  and  Manager  of  the  City  of  Chichester  Gas 

Co.,  Clovelly,  Chichester.     (2) 
Blanchard  Lamps  (British),  Ltd.,  89,  Bayham  Street, 
London,  N.W.     (4) 
E.  Ophtlialmic  Surgeon,   15,  Finsburj^  Circus,  London, 
E.C.     (4) 
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The  Chairman  then  called  upon  Mr. 
Gaster  to  read  his  Report  of  Progress 
during  the  vacation.     (See  pp.  613-615.) 

Subsequently  the  Chairman  gave  a 
short  address  in  the  coui'se  of  which  he 
alluded  to  the  events  connected  with 
illumination  at  the  National  Gas  Exhibi- 
tion as  follows  : — ■ 

Illumination    at    the    National    Gas 
Exhibition. 

The  Chairman  : — I  am  sure  that  we 
are  much  obliged  to  Mr.  Gaster  for 
the  interesting  account  he  has  given  of  the 
various  occurrences  during  the  vacation, 
of  interest  to  all  who  have  the  welfare  of 
illuminating  engineering  at  heart.  We 
are  particularly  interested  in  the  formation 
of  the  International  Commission  on 
Illumination.  Naturally,  we  must  not 
expect  too  rapid  results  from  the  opera- 
tions of  such  a  Commission,  but  its 
formation  is  a  good  thing  and  we  hope 
that  it  will  go  steadily  ahead,  and  in 
time  to  come  do  much  useful  work. 

It  is  now  my  duty  to  mention  what  was 
done  at  the  National  Gas  Exhibition  to 


forward  the  interests  of  scientific  illumina- 
tion. I  am  not  going  to  refer  to  the 
exhibition  at  all  as  a  gas  exhibition  ; 
I  only  just  want  to  mention  to  this  Society 
the  papers  which  were  read  at  the  con- 
ferences held  at  the  exhibition  on  subjects 
of  general  "  illuminating  "  interest,  apart 
from  the  specific  interest  of  the  gas 
industry. 

At  a  Conference  of  Educationists  on 
October  11th  the  President  of  this  Society. 
Professor  Silvanus  P.  Thompson,  read 
read  a  most  interesting  paper  on  "  Some 
Considerations  on  the  Brightnesses  of 
Lights,"  and  gave  a  fascinating  and,  as 
usual  with  him,  a  most  lucid  account  of 
the  measurement  of  illumination  and  the 
relation  between  the  intrinsic  brilliancy 
of  light  and  eyesight  and  comfort. 

Then,  following  that,  a  paper  by 
Mr.  Gaster  was  read  on  "  The  Physio- 
logical and  Mental  Disadvantages  of 
Unsciendfic  Illumination,"  in  which  he 
referred  to  some  of  the  conditions  to  be 
observed  in  the  lighting  of  schools.  I 
am  sure  you  will  agree  that  it  was  of 
considerable    service    to    the    cause    of 
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scientific  illumination  that,  at  a  conference 
that  was  largely  attended  by  those 
interested  in  education,  and  was  presided 
over  by  so  well-known  an  authority  in 
the  educational  world  as  Sir  George 
Kekewich,  such  a  paper  should  be  read. 
Mr.  Gaster  emphasised  the  necessity  for 
the  application  of  scientific  principles 
in  the  lighting  of  the  schools,  in  which 
the  rising  generation  are,  in  all  too  many 
cases,  having  their  eyesight  damaged  at 
the  preseno  time  through  the  illumination 
being  very  far  from  scientific.  At 
the  same  conference  a  paper  was  read 
bv  Mr.  Septimus  Warwick,  on  behalf 
of  himself  and  Mr.  Austen  Hall,  Members 
of  the  Royal  Institution  of  British 
Architects,  on  "  The  Lighting,  Heating, 
and  Ventilation  of  the  School  of  the 
Future,"  and  in  that  paper  they  drew 
attention  to  the  Interim  Report  of  the 
Committee  of  this  Society  which  is 
inquiring  into  the  question  of  the  scientific 
illumination  of  schools.  As  the  papers 
read  at  that  conference  will  be  very 
widely  circulated  to  those  interested  in  the 
subject  of  education,  I  think  we  may  feel 
that  a  good  deal  has  been  and  will  be  done 
to  bring  the  question  of  scientific  illumina- 
tion before  educational  authorities. 

Then  on  October  17th  we  were  fortunate 
enough  to  have  Lord  Rayleigh  presiding 
over  a  conference  specifically  devoted  to 
the  consideration  of  scientific  illumination, 
and  there  Mr.  Gaster  read  a  paper,  to 
which  he  has  already  referred,  on  '"  The 
Aims  and  Objects  of  the  Illuminating 
Engineering  Society,"  It  was  at  this 
conference  that  the  very  interesting 
suggestion  was  made  by  Mr.  Shadbolt 
(which,  as  we  have  already  heard,  the 
Council  is  considering)  that  we  should 
hold  provincial  conferences  of  the  Illum- 
inating Engineering  Society  to  bring  the 
question  of  scientific  illumination  before 
the  industries  of  the  country  more  widely 
than  it  is  possible  to  do  by  London 
meetings.  It  is  hoped  that  we  may  be 
able  to  secure  the  interest  of  the  public 
authorities  in  places  such  as  Manchester, 
Birmingham,  and  Glasgow,  so  as  to  be 
able  to  hold  meetings  under  the  auspices 
of  the  authorities  of  these  cities,  and 
bring  the  question  of  illumination  before 
the  manufacturers  and  the  medical  and 
scientific  authorities  of  these  districts. 


Next,  Mr.  Frankhn  Thorp,  a  member 
of  this  Society,  read  a  paper  before  the 
same  conference  on  "  The  Economy  of 
Efficient  Lighting, "  in  which  he  emphasised 
the  fact  that  good  lighting,  so  far  from 
being  a  luxury,  is  a  necessity,  an  econo- 
mical and  profitable  proposition,  leading 
to  increased  and  improved  output  in 
factories,  and  constituting  a  safeguard 
against  accident.  Dr.  Meredith  Young, 
Medical  Officer  of  Health  for  the  County 
of  Cheshire,  read  an  important  and 
valuable  paper  on  '"  Light  and  Sight." 
An  abstract  of  the  paper  has  already  been 
published  in  the  Journal  of  this  Society, 
but  the  paper  will  be  published  in  full 
later  on,  and  copies  will  be  available 
for  the  members  of  this  Society. 

Then  finally,  at  a  Conference  of  Manu- 
facturers, presided  over  by  Lord  Wear- 
dale,  on  October  29th,  Mr.  Gaster,  to 
whom  we  are  indebted  for  the  enormous 
amount  of  work  that  he  did  in  connection 
with  these  conferences,  read  a  paper  on 
"  The  Economic  Value  of  Adequate 
Illumination."  This  will  be  widely 
circulated  amongst  all  manufacturers  in 
this  country,  so  that  I  think  you  will  agree 
that  whatever  the  National  Gas  Exhibi- 
tion may  have  done  for  the  particular 
industry  in  whose  interests  it  was 
organised,  a  good  deal  was  done  in  the 
interests  of  scientific  illumination  fer  se, 
without  relation  to  any  particular  illumi- 
nant. 

The  Chairman  then  called  upon  Dr. 
James  Kerr  to  give  his  account  of  the 
Fourth  International  Congress  on  School 
Hygiene  (see  pp.  616),  and  subsequently 
Mr.  Dow  read  the  paper  by  himself  and 
Mr.  V.  H.  Mackinney  on  '"  Shadows  by 
Natural  and  Artificial  Lights "  (see 
pp.  619). 

These  papers  and  the  discussion  will  be 
found  reproduced  in  extenso  in  the 
following  pages. 

The  Chairman,  in  closing  the  proceed- 
ings, announced  that  the  next  meeting 
would  take  place  on  Tuesday,  Dec.  16th, 
when  a  paper  entitled  '"  Some  Problems 
in  Daylight  Illumination  with  special 
reference  to  the  Planning  of  Schools " 
would  be  read  by  Mr.  P.  J.  Waidram. 
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A   REPORT   OF  PROGRESS   DURING   THE  VACATION. 

(June — November,   1913.) 

By  L.  Gaster,  Hon.  Secretary. 

(Presented  at  a  Meeting  of  the  Society,  held  at  the  Eouse  of  the  Royal  Society  of  Arts  (John  St. 
Adelphi,  London,  W. ),  at  8  p.m.  on  Tuesday,  Nov.  18th,  1913.) 


DuEiNG  the  vacation  there  have,  as 
usual,  been  a  number  of  events  of  con- 
siderable interest  to  the  Society  ;  but 
as  most  of  these  have  been  referred  to 
in  the  last  few  issues  of  the  Illuminating 
Engineer,  it  is  only  necessary  to  make 
a  brief  summary  of  them  in  this  report. 

International  Congresses  and 
Exhibitions. 

A  feature  has  been  the  number  of 
congresses  at  which  attention  has  been 
devoted  to  illumination  and  the  eye.  At 
the  International  Medical  Congress,  held 
in  London  during  August,  papers  were 
presented  by  two  members  of  the  Society  : 
by  Mr.  J.  Herbert  Parsons  (in  the  section 
of  Ophthalmology)  and  Dr.  James  Kerr 
(in  the  section  on  Hygiene  and  Preventive 
Medicine),  dealing  respectively  with 
"  Affections  of  the  Eye  caused  by  Undue 
Exposure  to  Light,"  and  the  "  Eyesight 
of  School  Children."  In  both  these 
papers  attention  was  drawn  to  the 
claims  of  good  illumination,  and  the  sub- 
sequent discussion  showed  that  medical 
men  are  studying  more  closely  the 
lighting  problems. 

Dr.  Kerr  was  also  present  at  the  Fourth 
International  Congress  on  School  Hygiene, 
held  at  Buffalo,  U.S.A.,  during  August 
25th — 30th.  As  he  has  kindly  undertaken 
to  present  a  short  note  on  the  proceedings 
at  the  opening  meeting,  nothing  further 
need  be  said  on  this  point  except  to 
mention  the  excellent  plan  adopted  by 
the  American  Illuminating  Engineering 
Society  of  making  this  a  joint  meeting  so 
that  lighting  engineers  and  the  medical 
officers  could  confer  together  on  school 
lighting. 

The  proceedings  at  the  Seventh  Annual 
Convention  of  the  American  Illuminating 
Engineering  Society  were  summarised  in 
the  last  number  of  the  Illuminating 
Engineer.  As  usual,  a  series  of  excellent 
papers  was  presented,  and  the  Convention 
appears  to  have  proved  (|uite  as  successful 
as  in  former  years. 


At  the  International  Roads  Congress^ 
held  in  London  towards  the  end  of  June, 
a  special  section  was  devoted  to  road  and 
vehicle  lighting,  and  it  was  interesting 
to  see  how  generally  the  view  is  now  held 
that  the  lighting  and  upkeep  of  roads 
should  be  considered  together.  Even  in 
regard  to  country  roads  several  members 
pointed  out  that  ultimately  the  lighting 
might  be  made  a  national  affair,  at  all 
events  in  the  case  of  the  great  highways. 
A  series  of  important  resolutions  were 
passed  dealing  with  these   subjects. 

The  proceedings  at  the  National  Gas 
Exhibition  were  described  in  the  last 
number  of  the  Society's  journal.  Mr. 
F.  W.  Goodenough  has  kindly  promised 
to  say  a  few  words  on  the  subject.  I 
think  \ve,  as  a  Society,  should  express  our 
appreciation  of  the  excellent  opportunitv 
of  making  our  aims  and  objects  known 
provided  at  the  conferences  held  at  this 
Exhibition,  an  opportunity  which  was 
afforded  largely  through  the  enterprise  of 
oiir  Chairman  of  Council,  Mr.  Goodenough. 
I  may  say  that  the  Council,  recognising  the 
great  services  of  ^Ir.  Goodenough  to  the 
Society  during  the  past  year,  has  unani- 
mously nominated  him  a  vice-president. 
I  am  pleased  to  announce  that  he  also 
consented  to  remain  Chairman  of  the 
Council  during  this  session.  While  re- 
ferring to  the  Exhibition  I  should  like  to 
mention  the  admirable  work  of  another 
member  of  our  Society,  Mrs.  Cloudeslev 
Brereton,  to  whose  efforts  as  chairman  of 
the  Editorial  Committee,  the  wide  pub- 
licity given  to  illumination  was  largely 
due. 

Work   of  the   Society'.s   Committees. 

The  report  of  the  Joint  Committee  on 
School  Lighting  was  frequently  referred  tO' 
in  the  conferences  at  the  Exhibition,  ajul 
has  been  widely  reprinted  and  favoural)ly 
commented  upon  throughout  this  country 
and  on  the  Continent. 

At  the  commencement  of  the  vacation  a 
sub-committee  was  appointed  to  consider 
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the  subject  of  daylight  illumination — 
a.  matter  which,  besides  being  of  special 
importance  in  connection  with  schools,  is 
also  of  general  ijiterest  to  architects.  A 
number  of  meetings  have  been  held  and 
much  information  collected,  and  Mr.  P.  J. 
Waldram  has  consented  to  read  a  paper 
on  the  subject  at  the  next  meeting  of 
the  Society  on  December  16th. 

The  Joint  Committee  on  the  Street 
Lighting  Specification  is  also  continuing 
its  work  and  is  considering  the  revision 
of  the  draft  specification  put  forward  in 
Mr.  Trotter's  paper  before  the  Society  last 
April. 

Another  matter  that  is  receiving  the 
-attention  of  the  Society  is  the  question  of 
the  avoidance  of  glare  from  shiny  paper. 
Members  will  be  interested  to  learn  that 
it  has  been  decided,  from  the  first  of  next 
year,  to  make  use  of  a  mat  art  paper, 
free  from  gloss,  for  the  official  organ  of  the 
Society  (The  Illuminating  Engineer). 

The     International    Commission    on 
Illumination. 

I  come  now  to  the  most  important  event 
of  the  vacation — the  formation  of  the 
International  Commission  on  Illumination. 
It  will  be  recalled  that  at  the  International 
Electrical  Congress  at  Turin  in  1911, 
a  j'esolution  was  passed  unanimously 
approving  the  formation  of  such  a  Com- 
mission, at  the  initiative  of  our  Society  ; 
and  that  Dr.  A.  Lynch,  M.P.,  in  a  question 
addressed  to  the  Homo  Secretary  in  the 
House  of  Commons  on  May  16th  last  year, 
pointed  out  the  importance  of  this  reso- 
lution in  connection  with  the  proposed 
Commission  on  industrial  lighting. 

At  that  time  it  was  anticipated  that  an 
entirely  new  Commission  would  have  to 
be  formed,  in  fact  this  Society  has  still  a 
mandate  to  proceed  on  this  line  should  it  be 
desirable.  But  meantime,  it  has  happily 
been  found  possible  to  form  the  Com- 
mission by  suitably  enlarging  the  member- 
ship and  functions  of  the  International 
(Ziirich)  Photometric  Commission.  This 
body  was  originally  formed  at  the  Inter- 
national Congress  of  Gas  Industries  which 
took  place  in  Paris  in  connection  with  the 
Universal  Exhibition  of  1900.  Its  inten- 
tion was  to  carry  out  researches  on  the 
photometry  of  gas  lights,  and  to  undertake 
researches  on  the  practical  applications 
of  gas.     A  considerable  amount  of  useful 


photometric  work  has  been  carried  out 
at  the  Congresses  of  1903,  1906  and  1911. 
But  it  was  felt  that  the  time  had  now 
come  for  the  formation  of  a  truly  Inter- 
national Commission,  not  representative 
of  any  one  illuminant,  to  which  all  ques- 
tions of  common  interest  to  the  lighting 
industry  throughout  the  world  could  be 
referred. 

Accordingly  provisional  National  Com- 
mittees were  formed  in  the  chief  countries 
to  consider  this  subject.  In  this  country 
the  Institutio  is  of  Gas  and  Electrical 
Engineers  and  the  Illuminating  Engin- 
eering Society  co-operated,  each  nominat- 
ing six  representatives  on  the  committee. 
The  delegates  from  the  Illuminating 
Engineering  Societv  were  :— Prof.  S.  P. 
Thompson,  Mr.  A.  P.  Trotter,  Mr.  F.  W. 
Goodenough,  Mr.  Haydn  T.  Harrison, 
Dr.  K.  Lessing,  and  Mr.  L.  Gaster.  The 
International  Photometric  Commission 
met  in  Berlin  during  August  27th  to  30th. 
The  National  Committee  in  each  country 
was  invited  to  send  delegates,  the  repre- 
sentatives from  Great  Britain  being 
Mr.  W.  J.  A.  Butterfield,  Dr.  Colman 
(Institution  of  Gas  Engineers),  Mr.  W. 
Duddell,  Mr.  K.  Edgcumbe  (Institution 
of  Electrical  Engineers),  Mr.  L.  Gaster, 
Mr.  C.  le  Maistre  (Illuminating  Engineer- 
ing Society),  and  Mr.  C.  C.  Paterson 
(National  Physical  Laboratory).  After 
some  discussion  it  was  decided  to  form  the 
International  Commission  on  Illumination, 
and  draft  Statutes  were  agreed  upon. 

The  Commission  will  be  known  as  the 
International  Commission  on  Illumination 
(Commission  Internationale  de  I'Eclair- 
age).  The  Commission  has  for  its  object 
the  study  of  all  questions  affecting  the 
lighting  industry  and  of  sciences  related 
thereto,  and  the  establishing  by  all  appro- 
priate means  of  international  agreement 
on  lighting  matters. 

The  Executive  Committees  consist  of 
the  President,  three  Vice-Presidents, 
Treasurer  and  Hon.  Secretary  and  two 
delegates  from  each  country.  Each 
country  is  to  have  equal  voting  power, 
and  it  was  also  agreed  that  on  the  com- 
mittees there  should  be  no  preponderating 
influence  due  to  any  one  illuminant. 

It  was  arranged  that  each  country 
represented  could  send  up  to  ten  delegates 
to  the  meeting  of  the  International  Com- 
mission   on     Illumination.       A     further 
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important  clause  in  the  Statutes  provides 
that  in  countries  in  which  an  Illuminating 
Engineering  Society  already  exists  this 
hody  might  be  selected  to  replace  the 
national  committees  and  appoint  two-  of 
its  members  to  act  on  the  Executive 
Committee.  At  the  meeting  in  Berlin 
this  course  was  actually  taken  by  Ger- 
many, and  the  newly  created  Illuminating 
Engineering  Society  in  that  country  did 
act  as  the  National  Committee.  This 
very  practical  step  has  the  advantage  of 
bringing  the  questions  to  be  discussed 
before  the  immediate  notice  of  the  body 
which  is  most  closely  interested  and  which 
is  in  a  position  to  consider  them  impar- 
tialh\  It  would  therefore  be  desirable 
to  nominate  as  delegates  two  members 
of  the  Illuminating  Engineering  Society, 
who  are  also  members  of  the  Institutions  of 
Gas  and  Electrical  Engineers,  and  these 
Institutions  would  naturally  prefer  to  be 
represented  by  those  of  their  members  who 
have  prominently  identified  themselves 
with  matters  of  illumination.  Our 
Society  can  justly  claim  to  have  originated 
the  idea  of  the  National  Commission  on 
Illumination,  and  has  done  much  of  the 
pioneering  work  in  this  direction.  I 
venture  to  think  that  ultimately  when  the 
claims  of  our  Society  have  been  thor- 
oughly established,  and  greater  recog- 
nition given  to  our  pioneering  work  in  this 
direction,  that  the  National  Committee 
which  is  to  be  established  will  be  a  part 
of  our  organisation,  and  acting  in  close 
co-operation  with  the  older  established 
institutions  in  this  and  other  countries. 

The  first  President  of  the  International 
Commission  on  Illumination  is  Professor 
Vautier, whose  name  is  familiar  to  all  those 
interested  in  illumination  in  this  country 
as  the  President  of  the  International 
Photometric  Commission,  which  has  thus 
become  merged  in  the  larger  and  more 
representative  body.  I  am  pleased  to 
announce  that  Prof.  Vautier  has  consented 
to  become  a  Vice-President  of  our  Society. 
As  our  list  of  new  members  shows,  we 
have  also  received  the  valued  support  of 
a  number  of  other  authorities  in  foreign 
countries,  who  became  interested  in  our 
work  through  this  meeting  in  Berlin.  I 
may  add  that  the  Vice-Presidents  of  the 
Commission,  Dr.  Bimte,  Dr.  Hyde,  and 
Dr.  Kusminsky,  are  all  valued  supporters 
of  our  Society.     The  Hon.  Treasurer  is 


Mr.  Weiss,  and  Mr.  C.  C.  Paterson  has 
been  elected  Hon.  Secretary.  The  wisdom 
of  this  choice  will  be  appreciated,  London, 
which  is  exceptionally\vell-fitted  to  act 
as  a  link  between  the  Continent  and  the 
United  States,  becoming  the  official 
centre  from  which  the  business  of  the 
Commission  is  transacted. 

It  will  be  seen,  therefore,  that  the 
international  movement  is  making'  good 
progress.  There  are  now  in  existence 
Illuminating  Engineering  Societies  in 
Great  Britain,  Germany,  and  the  United 
States,  and  we  may  expect  to  hear  very 
shortly  of  the  formation  of  a  similar  society 
in  France.  A  preliminary  step  has  al- 
ready been  taken  in  the  issue  of  the  new 
French  journal.  La  Science  el  Art  de 
VEclairaqe,  devoted  to  the  subject  of 
illumination,  under  the  direction  of  Prof. 
A.  Blondel.  Members  will  doubtless 
welcome  this  authoritative  and  respon- 
sible source  of  information  on  develop- 
ments in  France. 

Enlarging    the    Membership    of   the 

Society. 

Now  in  order  that  our  Society  may 
fitly  take  its  place  in  this  international 
movement,  and  in  other  pending  develop- 
ments, it  is  desirable  for  its  membership 
to  be  considerably  increased.  During  the 
vacation  there  was  been  an  increase  of 
about  forty  members,  and  what  is  equally 
satisfactory,  the  list  includes  many  who 
are  prominently  associated  with  illumin- 
ation in  their  respective  countries,  and 
whose  support  should  be  of  considerable 
assistance  in  securing  the  co-operation  of 
kindred  bodies.  I  may  make  special 
mention  of  one  step  recently  taken  by 
the  Council  in  this  direction.  An  invita- 
tion has  been  extended  to  the  Institutions 
of  Gas  and  Electrical  E)igineers  that 
their  Presidents  should  be  ex  officio 
members  of  Council  and  Vice-Presidents 
of  our  Societv.  I  am  pleased  to  sav  that 
Mr.  W.  Duddell  and  Mr.  E.  Allen,  the 
Presidents  of  these  Institutions  for  the 
present  year,  have  already  kindly  con- 
sented to  act  in  this  way. 

I  regret  to  have  to  record  the  recent 
death  of  one  of  our  most  distinguished 
Vice-Presidents.  Sir  William  Preece.  His 
name  will  be  remembered  as  one  of  the 
very    earliest    pioneers    in    illumination 
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photometry,  and  from  the  first  he  had 
taken  a  keen  interest  in  the  work  of  the 
Society. 

This  opportunity  may  also  he  taken  to 
mention  another  step  that  the  Council 
are  now  considering.  In  the  course  of 
the  discussion  of  the  paper  "  The  Aims 
and  Objects  of  the  Illuminating  Engineer- 
ing Society,"  read  at  a  Conference  at  the 
National  Gas  Exhibition,  the  suggestion 
was  made  that  the  time  had  now  come 
to  form  local  branches  of  the  Society. 
It  is  therefore  proposed  to  appoint  repre- 


sentatives in  various  districts  to  assist  in 
forming  the  nucleus  of  local  branches.  It 
is  hoped  that  before  long  we  may  be  in  a 
position  ^  arrange  for  conferences  to 
take  place  in  different  districts  at  which 
papers  might  be  presented  of  special 
interest  in  that  locality.  Meantime  it 
is  hoped  that  members  residing  out  of 
London  will  bear  this  development  in 
mind  and  make  a  special  effort  to  interest 
friends  in  the  work  of  the  Society,  which  is 
not  only  national,  but  international,  in 
its  scope. 


SOME   NOTES   ON  THE   FOURTH   INTERNATIONAL 
CONGRESS   ON   SCHOOL   HYGIENE. 

(Held  in  Bufialo,  August,  1913.) 
By  James  Kerr,  M.A.,  M.D.,  D.P.H. 

(Presented  at  a  Meeting  of  the  Society  held  at  the  Honse  of  the  Royal  Society  of  Ai'ts  (John 
Street,  Adelphi,  London),  at  8  p.m.  on  Tuesday,  'Sov.  ISth,  1913.) 

fatigue  came  down  finally  to  distinguish- 
ing between  an  "  i  "  with  its  dot  and  a 
long  "  1."  It  was  subsequently  pointed 
out  that  these  tests  were  not  satisfactory 
as  they  did  not  involve  factors  of  import- 
ance, such  as  the  effect  of  shadows,  on 
which  the  visibility  of  small  objects  largely 
depend,  and  that  a  test  by  threading 
needles  might  have  given  quite  different 
results.  The  discussion  ultimately  turned 
mostly  into  the  merits  of  direct  and 
indirect  Lighting. 

Dr.  M.  Gestettner  of  Vienna  read  a 
paper  largely  discussing  the  adaptation 
of  the  eye  to  light,  and  the  value  of  shght 
changes  when  the  light  was  poor.  She 
pointed  out  the  difficulties  of  dayUght 
photometry  with  constantly  varying  in- 
tensity. She  had  used  Weber's  photo- 
meter, then  a  photometer  of  Prof. 
Kauer.  About  3,000  measurements  had 
been  made  in  schoolrooms,  with  and 
without  blackboards,  and  what  also  may 
be  called  whiteboards. 

She  used  boards  at  the  end  of  the  room 
behind  the  teacher  in  the  European  way, 
and  also  on  the  right  hand  side  of  the 


The  IVth  International  Congress  on 
School  Hygiene  was  held  in  Buffalo  in 
August.  There  were  so  many  sections 
to  be  dealt  with  and  no  papers  printed 
beforehand  that  it  is  difficult  to  give  a 
picture  of  the  proceedings.  A  special 
section,  arranged  by  Dr.  Lucien  Howe  of 
Buffalo,  who  has  done  so  much  to  direct 
attention  in  America  to  the  conservation 
of  vision,  was  almost  entirely  taken  up 
with  ophthalmic  questions. 

In  the  section  which  dealt  i7ifer  alia 
with  illumination  the  subject  was  well 
presented,  although  there  was  nothing 
striking  emerged. 

Perhaps  the  paper  by  Professor  Ferree 
of  Bryn  Mawr,  who  had  approached  the 
subject  purely  as  a  psychologist,  opened 
up  new  ground.  He  attempted  to  analyse 
the  factors  in  illumination  which  most 
affected  ocular  efficiency,  and  shewed 
numerous  charts  of  results.  Actual  in- 
tensity of  light  seemed  of  small  import 
compared  with  even  distribution.  He 
concluded  that  with  an  evenly  illuminated 
space  fatigue  was  least,  and  that  day- 
light   was    least    tiring.     His    tests    for 
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children  opposite  the  window,  the  Ameri- 
can way.  No  detailed  measurements 
were  given,  but  blackboards  at  the  end 
made  little  difference.  At  the  side  they 
diminished  desk-lighting  from  12  per 
cent,  to  18  per  cent.,  an  average  of  15  per 
cent.  White  boards  increased  it  almost 
to  the  same  amount.  She  recommends 
white  surfaces,  and  states  that  whilst  the 
American  plan  is  not  good  the  European 
is  unobjectionable. 

The  subject  of  blackboards  also  came 
up  on  the  discussion  of  Luckeish's  paper, 
on  glaring  paper  and  the  difficulties  it 
presented  in  largely  nullifying  the  effect 
of  good  lighting,  although  well-distributed 
light  also  modified  glare  largely.  He 
suggested  tilting  the  blackboards  to  get 
regular  reflection  away  from  the  children's 
faces.  Green  boards,  brown  boards  and 
white  rolls  of  paper  were  all  suggested  as 
improvements  on  the  universal  black- 
board. 

A  stall  in  the  Exhibition,  arranged  by 
the  Illuminating  Engineering  Society, 
showed  the  effects  of  different  systems  of 
lighting,  and  the  comparative  results 
using  matt  printed  surfaces,  and  steam- 
rolled  glossy  paper. 

Dr.  Alger  dealt  with  illumination  chiefly 
from  its  effect  on  the  eye  in  causing  glare 
from  high  intrinsic  brightness,  and  strain 
from  rapid  variations. 

The  room  in  which  the  papers  were  read 
sometimes  presented  a  most  admirable 
demonstration  of  glare  from  adaptation 
of  the  eye.  It  was  a  room  with  three 
large  windows  behind  the  chairman  and 
a  couple  of  windows  in  each  side  wall 
next  to  the  three  other  windows,  the  rest 
of  the  room  was  without  windows.  One 
could  sit  in  this  room  in  bright  sunshine 
without  glare  being  felt,  but  as  one  after 
another  the  windows  were  slowly  closed 
for  the  lantern,  the  glare  became  evident, 
till  with  the  last  window  it  was  quite 
painful,  the  eye  having  become  adapted 
to  the  general  darkened  room. 

Several  other  papers,  including  my  own, 
dealt  with  illumination  of  the  class-room 
in  the  light  of  present-day  knowledge 
without  presenting  any  great  novelties. 
Dr.  Weaver  was  very  catholic  in  his 
views  ;  so  long  as  light  was  well  dis- 
tributed, and  the  artificial  lights  high 
above  the  children's  heads,  he  was 
satisfied. 


I  dealt  with  glare  as  a  primary  and 
rare  condition  due  to  pathological  charges 
in  the  retina,  and  a  secondary  common 
condition  due  to  excess  of  peripheral 
illumination  over  that  at  the  macula 
for  which  I  assume  the  eye  to  be  adapted. 
The  importance  of  these  considerations 
in  connection  with  wall  decorations  and 
artificial  lighting  was  mentioned.  I  advo- 
cated for  day  fight  a  minimum  of  10  foot- 
candles,  and  for  artificial  light  the 
suggestion  of  the  Committee  of  this 
Society  of  a  minimum  of  2  foot-candles  ; 
as  regards  systems  of  lighting  semi- 
indirect  illumination  seemed  best  for 
general  school  use. 

In  the  discussion  Dr.  Myles  Standish, 
who  was  chairman  of  the  Boston  Commis- 
sion on  School  Lighting  two  years  ago, 
expressed  his  complete  concurrence  with 
the  suggestions. 

Dr.  Fitz  of  Long  Island  read  a  paper 
which  was  a  critical  review  of  methods  of 
estimating  illumination  for  school  pur- 
poses. He  left  photometry  on  one  side, 
and  rightly  thought  that  mere  tests  for 
visual  acuity  were  unsatisfactory.  He 
relied  chiefly  on  geometrical  methods,  and 
showed  an  ingenious  apparatus  consisting 
of  a  small  convex  hemisphere  of  black 
glass,  with  which  he  estimated  the 
square  angular  size  of  the  visible  sky 
from  any  place.  It  is  doubtful  whether 
it  is  practically  useful,  as  what  is  really 
wanted  is  an  equivalent  reduced  angular 
measurement,  and  in  describing  the 
instrument  I  showed  here  some  time  ago, 
I  pointed  out  that  all  these  measurements 
could  be  only  very  approximate,  as  when 
nearing  limits  so  much  depended  on 
other  factors,  reflections  and  so  forth,  in 
addition  to  the  actual  visible  area  of 
sky. 

Although  the  discussions  were  joined 
in  by  the  Illuminating  Engineering 
Society,  the  time  was  short  and  the 
subject  did  not  receive  full  treatment. 

A  visit  to  America  shows  to  what 
great  use  lighting  may  be  put.  The 
whole  district  about  Buffalo  depends  for 
power  and  light  on  electricity  transmitted 
from  Niagara.  The  Canadian  Govern- 
ment has  retained  rights  over  this  power, 
and  it  feeds  Toronto,  80  miles  off,  by 
lines  which  stretch  on  great  standards 
that  stride  round  the  western  shores  of 
Lake   Ontario.     The   hydro-electric  lines 
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run  down  the  centre  of  the  Niagara 
peninsula  as  far  as  London  (100  miles  off). 
While  there  I  was  much  struck  with  the 
alterations  in  pressure,  the  lights  slowly 
waxing  and  waning  in  intensity  without 
flicker. 

Buffalo,  on  the  other  hand,  through 
financial  interests  controlling  the  power, 
has  to  pay  heavily.  An  interesting 
circumstance  happened  which  one  may 
relate  to  the  Society.  Whilst  at  a 
Keception  at  the  Buffalo  Club,  about 
10.30  p.m.  a  heavy  thunderstorm  began, 
all  the  lights  went  out,  servants  came 
running  in  with  tapers,  and  lighted 
candles  in  sconces  on  the  walls.  I  thought 
of  going  off,  but  was  told  that  the  streets 
would  be  dark  and  no  cars  running,  as 
the  power  had  been  turned  off  at  Niagara. 


It  was  so,  and  the  whole  of  that  city  of 
600,000  inhabitants  was  held  up  for 
37  minutes  by  the  thunderstorm. 

On  the  other  hand,  two  days  after  the 
Congress  there  was  a  Centenary  Celebra- 
tion of  Commodore  Perry's  victory  over 
the  British  on  Lake  Erie.  At  that  time 
it  was  apparently  quite  a  parochial  affair, 
but  the  New  York  State  has  voted 
150,000  dollars  to  celebrate  the  centenary. 
In  the  main  street  of  Buffalo  there  were 
wood  and  stucco  pillars  about  20  feet 
high  erected  on  each  side  at  about  18  or 
20  yards  distance  and  festooned  around 
and  between  with  strings  of  coloured 
lamps.  The  illumination,  indeed,  re- 
sembled a  river  of  light,  which  will  remain 
a  pleasing  memory  of  this  visit  to 
America. 


SHADOWS  BY  NATURAL  AND  ARTIFICIAL  LIGHT. 

By  J.  S.  Dow  AND  V.  H.  Mackinney. 

(Presented  at  a  Meefing  of  the  Illuminating  Engineering  Society,  held  at  the  House  of  the  Royal 
Society  of  Arts  (John  Street,  Adelphi,  London),  at  8  p.m.  on  Tuesday,  Nov.  18th,  1913.) 

This  subject  is  a  very  wide  one.  All  that  a  drawing  board  when  the  light  comes 
has  been  attempted  in  this  paper  is  to  from  the  back,  or  even  overhead.  The 
collect  a  few  photographs  illustrating  some 
interesting  points,  most  of  which  deserve 
more  detailed  consideration.  In  order 
to  show  the  importance  of  photographs 
of  shadows  I  may  mention  particularly 
the  case  of  factory  lighting.  It  may 
happen  that  an  inconvenient  shadow  leads 
to  spoiled  work  or  even  an  accident. 
Now,  if  in  all  such  cases,  photographs 
showing  the  shadow  conditions  by  day- 
light and  artificial  light  respectively  were 
taken  we  should  have  a  useful  record  of 
the  causes  of  the  mishap.  But  there  are, 
of  course,  many  other  instances  of  the 
importance  of  shadows  to  the  illuminating 
engineer:  especially  in  connection  with 
the  artificial  lighting  of  rooms  having 
claims  to  artistic  and  architectural  dis- 
tinction. 

The  first  illustrations  show  the  incon- 
venience that  may  be  caused  by  the 
shadows  from  head  or  hand  owing  to 
badly  placed  lights — a  matter  that  is 
appreciated  by  lighting  experts  but  still 
not  sufficiently  recognised  by  non-techni-     ^^^   ^      <s\      ■      a        \     a    \   a  *■  ^„^„ 

-h'       1     1  i.y       ^  T-     1  ^^^-  !• — Showing   deep  head  shadow  cast  over 

oal  people.      Fig.  1  shows  the  deep  shadow  drawing  board   by   light   behind.     Note  also 

cast  by  the  head  of  a  person  bending  over  shadows  from  edges  of  drawing  instruments. 
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T-square,  indiarubber,  ruler,  &c.,  are 
slightly  tilted  to  show  the  shadows  at  their 
edges  which,  although  not  immediately 
perceptible  to  a  casual  observer,  would 
naturally  cause  trouble  immediately  one 
attempts   to    draw.      This    justifies    the 


Fig.  2.  These  show  the  effect  of  shadow 
when  the  light  is  respectively  behind 
and  facing  the  worker  (a)  by  direct  light 
from  an  unscreened  lamp,  (6)  by  indirect 
lighting.  Only  in  the  case  of  direct  hght 
from  a  lamp  facing  the  observer  is  an 


(a)  Bare  lamp  faciug  worker. 


(b)   Bare  lamp  behind  worker. 


[c)  Indirect  light  facing  worker. 


(d)    Indirect  light  behind  worker. 


Fig.  2. — Note  the  difference  in  the  shadow  from  the  chair  and  the  objects  on  the  wall 
by  direct  (bare  lamp)  and  indirect  light.  It  is  only  in  the  case  of  the  direct  light 
hehind  the  worker  that  a  marked  shadow  is  cast  on  the  board. 


view  that  if  local  lighting  is  used 
for  drawing  boards,  the  light  should 
preferably  come  from  in  front  of  the 
draughtsman. 

The  same  point  is  illustrated  in  the 
series  of  four  photographs  assembled  in 


inconvenient  shadow  produced  :  it  is 
interesting  to  note  that  an  indirect 
fitting  even  placed  behind  the  worker 
does  not  cause  a  shadow  that  is  marked 
to  the  eye.  The  difference  in  the  sharp- 
ness of  shadows  is  also  seen  in  the  appear- 
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ance  of  surrounding  objects,  and  particu- 
larly in  the  two  general  views  of  the  table 
and  surroundings  shown  in  Fig.  3. 

It  should  be  explained  that  in  taking 
the  photographs  shown  in  Fig.  2  the  lights 
were  arranged  to  give  the  same  illumin- 
ation on  the  table  throughout  (approx. 
1  ft.-candle).  In  order  to  illustrate  the 
depth  of  shadow  cast  by  the  head  a 
reading  of  the  surface-brightness  of  the 
lightest  and  darkest  portions  of  the  paper 
in  each  case  was  also   taken.     This   led 


It  will  be  seen  that  notwithstanding 
the  far  more  distinct  shadow  from  the 
direct  system  the  numerical  shadow- 
ratio  is  not  so  very  different.  Yet 
to  the  eye  the  shadow  from  indirect 
(and  also  the  semi-indirect)  units  faded 
off  so  gradually  as  to  be  scarcely  per- 
ceptible. 

The  above  result,  although  surprising 
at  first  sight,  is  not  unnatural  when  one 
reflects  that  a  head  near  a  drawing  board 
must  necessarily  obstruct  a  considerable 


(a)    Bare  lamp. 


(b)    Indirect  bowl. 


Fig, 


3.— A  general  view  of  the  table  referred  to  in  Fig.  2.     Note  the  difference  in  the  shadow  of 
chairs  on  the  wall,  under  the  table  and  beneath  the  drawers  in  the  background. 


to  a  somewhat  curious  result,  as  shown 
by  the  following  table  : — 


Surface  Brightness. 


System  of 
Lighting. 


Brightest 

part  of 

board 

ft.-c. 


Darkest 

part  of 

board 

ft.-c. 


Direct 
Semi-indirect 
Indirect    . 


Ratio. 


2-8 

2 

1-9 


amount  of  light  in  any  case.  No  doubt 
somewhat  different  lesults  might  be 
obtained  according  to  the  local  conditions 
(nature  of  walls,  height  of  ceiling,  number 
of  units,  kc).  But  the  experience 
suggests  that  a  satisfactory  method  of 
testing  shadows  should  take  account  not 
only  of  the  actual  change  in  depth  but 
also  of  the  rate  at  which  the  shadow  dies 
away.  For  this  reason  it  may  be  doubted 
whether  numerical  data  alone  describe 
shadow  conditions  as  successfully  as  a 
good  photograph. 
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Probably  the  best  plan  of  all  would  be 
to  secure  ^  good  photograph  and  supple- 
ment it  by  photometric  readings  of 
surface  brightness  in  the  way  adopted 
by  Mr.  Eck  in  his  experiment  on  the 
appearance  of  a  flat  disc  and  sphere  in  a 
room  lighted  by  an  indirect  method.* 
It  need  hardly  be  said  that  such  photo- 
graphs need  to  be  taken  with  considerable 
care  as  the  result  might  easily  be  falsified 
by  slight  differences  in  exposure  and 
development,  and  we  are  showing  one 
slide  illustrating  the  extreme  possibilities 


In  Fig.  4  are  seen,  side  by  side,  the 
effects  of  hand-shadow  caused  by  light 
coming  respectively  from  the  right 
and  from  the  left.  The  illustration  justi- 
fies the  old  rule  that  the  light  on  a 
desk  should  not  (if  one  is  right- 
handed)  come  from  the  right,  for  in 
this  case  an  inconvenient  shadow  is 
thrown  over  the  writing.  For  the  pur- 
pose of  the  photograph  the  conditions 
were  somewhat  exceptional,  an  arrange- 
ment being  deliberately  adopted  which 
gave   a    very   dense   shadow.     (In   these 


Fig.  4.  (a)  Light    coming  from   the  right  and 
ca8tin"g  inconvenient  shadow  over  writing. 

in  this  direction. t  Naturally  all  the 
photographs  here  reproduced  were  taken 
entirely  by  the  artificial  light  in  use  at  the 
time,  and  in  each  case  every  attempt  was 
made  to  reproduce  as  exactly  as  possible 
the  actual  impression  received  by  the  eye. 
In  some  cases  (ej/.,  Figs.  4  and  12)  it  be- 
comes necessary  to  sacrifice  part  of  the 
picture  in  order  to  reproduce  seme  essen- 
tial feature. 

*  Ilium.  Eng.  Lond.,  Vol.  IV,  IJ)11,  VV-  4-'>7, 
593. 

t  This  refers  to  the  photograph  of  a  house, 
taken  by  day  and  night.  Ilium.  Eng.  Lond., 
■Nov.,  p.  .576. 


Flu.  4.  (h)  Liglit  coming  fniiii  tlic  left  :  shadow 
does  not  fall  on  the  writing  and  causes  no 
inconvenience. 

photographs  the  essential  ])oint  was 
to  bring  out  the  shadow  on  the  board  ; 
if  one  exposes  for  this  correctly,  the  head 
and  shoulders  of  the  writer  naturally 
come  out  rather  dark.) 

Such  points  as  those  roughly  illustrated 
in  the  previous  photographs  must  be 
met  with,  in  a  more  complex  form,  in 
manv  industrial  operations,  where  the 
shadows  cast  by  moving  tools,  cutting 
edges,  &c.,  are  highly  important.  A 
series  of  photographs  showing  the 
results  of  badly  placed  or  imperfectly 
screened  lamps  in  factory  ligliting  would 
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be  most  useful  :  but  they  deserve  a 
separate  paper.  Perhaps  some  other 
member  of  the  Society  will  take  this  up. 

It  should  be  remembered,  too,  that  differ- 
ent conditions  are  met  with  when  there 
are  a  large  number  of  units.  AVith  direct 
lighting  we  then  get  multiple  shadows. 

Fig.  3  aptly  illustrates  the  fundamental 
difference  between  the  shadows  cast  by 
indirect  lighting  and  by  an  unscreened 
source  in  an  ordinary  room.  The  next 
illustrations  show  this  more  completely. 
One  of  the  most  striking  features  of 
indirect  and  semi-indirect  lighting  is  the 
manner  in  which  the  light  gets  into 
corners  and  underneath  tables  and  other 
furniture.  This  is  clearly  shown  in  the 
photograph  of  a  motor  showroom  repro- 
duced in  Fig.  5.  The  illumination  here 
was  exceptionally  high  and  the  units 
relatively  close  together.  It  will  be 
seen  that  the  chassis  in  the  foreground 
casts  scarcely  any  shadow  on  the  floor  at 
all.  In  a  motor  showroom,  where  visitors 
are  constantly  stooping  to  examine  the 
machinery  under  the  cars,  this  is  a 
decided  advantage  and  the  same  doubtless 
applies  to  most  rooms  in  which  large  and 
complicated  machinery  has  to  be  exam- 
ined. In  Fig.  6  we  have  a  shelf  of  books, 
illuminated  by  direct  light  from  a  lamp 
in  a  prismatic  reflector  mounted  on  the 
ceiling.  Here  again  the  effect  of  good 
diffusion  from  the  white  ceiHng  is  shown 
in  the  fact  that  the  deep  recesses  are 
comparatively  well  illuminated.  There 
is,  however,  a  marked  "  cross  shadow  " 
due  to  the  direct  light.  In  order  to 
illuminate  a  series  of  pigeon-holes  success- 
fully good  diffusion  is  very  necessary. 
Direct  lighting,  particularly  by  lamps  in 
opaque  reflectors  immediately  overhead, 
is  of  little  service,  as  the  inside  of  the 
recesses  is  left  in  dense  shadow.  This 
is  one  objection  that  may  be  raised  to  the 
local  lighting  of  compositors'  frames, 
which  answers  excellently  for  the  type 
on  the  frame  where  the  compositor  is 
working,  but  is  not  of  much  help  for  the 
drawers  below  the  level.  Probably  the 
best  method  of  meeting  this  problem 
would  be  by  a  combination  of  local  shaded 
lights  over  the  frame  with  a  certain 
amount  of  well-diffused  general  illumina- 
tion. 

The  next  two  photographs  (Fig.  7)  are 
intended     to     show     the     characteristic 


difference  between  daylight  and  night 
illumination  in  the  .streets.  The  photo- 
graph on  the  right  was  taken  on  a  misty 
day  with  a  white  sky.  Although  the 
head,  being  bent  down,  is  in  partial 
shadow,  there  is  nothing  like  the  con- 
trast that  one  finds  in  the  left  hand  view, 
where  half  the  face  is  brightly  lighted  and 
the  remainder  in  dense  darkness.  Note 
also  the  shadows  from  the  legs  of  the 
tripod  cast  by  the  street  lamp,  which  do 
not  occur  by  daylight.     Here  again,  there 


Fig.  6  — This  shelf  is  lighted  by  a  lamp  in 
prismatic  reflector  fixed  direct  on  the  white 
ceiliug.  The  diffused  light  finds  its  way 
into  therecesses,but  a  distinct  cross  shadow 
caused  by  the  direct  component  can  be 
clearlv  seen. 


is  room  for  an  entire  series  of  photographs 
showing  the  conditions,  as  regards  shadow, 
of  our  present  methods  of  street  lighting. 
In  the  streets,  as  in  large  halls,  it  is 
difficult  to  produce  an  impression  of 
bright  illumination  even  by  the  use  of  very 
powerful  lamps.  For  the  effectiveness 
of  the  lighting  is  considerabh^  limited  by 
the  fact  of  so  little  assistance  being  derived 
through  reflection  from  surroundings. 
Experience  shows  that  an  object  has  to  be 
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Fig.  5. — Indirect  Lighiino-  in  a  Motor  Car  Showroom.     Note  rlic  vory  light  shadows 
cast  uuder  chassis  in  foresrround. 


(a)   Mi8t3-  dayli<;ht. 


(b)   .\rtiticial   light. 


Fig.  7.— Note  well-diffused  light  and  absence  of  shadow  from  person  and  legs  of  tripod  by 
daylight.  By  the  light  of  the  street-lamp  half  the  face  is  in  deep  shadow  ;  well  marked 
shadows  are  also  cast  by  body  and  tripod  legs. 
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illuminated  from  many  different  directions 
in  order  to  be  properly  distinguished. 
In  the  street,  where  powerful  units  are 
placed  at  considerable  intervals,  this  can 
rarely  be  the  case,  and  in  some  instances 
the  dense  shadows  cast  by  moving  vehicles 
may  be  very  misleading  to  the  pedestrian 
crossing  the  street. 

Having  now  shown  by  several  examples 
the  value  of  well-diffused  illumination 
let  us  now  turn  to  a  case  in  which  light 
coming  from  all  directions  is  just  what 
we  do  not  require.     Fig.  8  is  a  photograph 


Fig.  8.  — a  "  lay-off  "  sheet  in  the  printing  office, 
preferably  illaminated  by  oblitiue  light  so 
as  to  show  nji  the  impression  of  type. 

of  an  inclined  board,  lighted  by  an 
adjustable  lamp  in  an  opaque  reflector, 
which  is  used  by  the  printers  of  this 
journal  when  examining  the  '*  lay-off  " 
sheet.  When  the  trial  sheet  is  removed 
from  the  machine  it  is  necessary  to 
examine  closely  the  impression  of  the 
type  and  the  blocks  in  order  to  ensure 
that  the  pressure  is  just  right.  Other- 
wise if  the  pressure  is  too  great,  the  type 
will  press  too  much  on  the  paper  and  will 
show  through  on  the  reverse  side  of  the 
page.  The  printer  therefore  examines 
this  reverse  side  and  the  marks  on  the 
paper  here  displayed  indicate  where 
changes  are  required. 


Now  in  order  to  show  up  these  irregu- 
larities in  the  surface  what  one  requires 
is  light  striking  the  paper  very  obliquely. 
In  the  illustration  the  impression  of  the 
type  most  remote  from  the  source  (and 
therefore  struck  by  the  light  most 
obliquely)  is  clearly  seen  ;  but  near  the 
source  where  the  rays  strike  the  paper 
at  angles  nearer  to  the  vertical  one 
cannot  see  the  projections  nearly  so  well. 

No  doubt  a  similar  method  would  be 
employed  by  paper  experts  in  examining 
the  gloss  on  paper  or  searching  for  small 
irregularities  in  its  texture.  To  a  person 
reading  a  book  in  the  ordinary  way,  light 
striking  the  paper  at  a  small  angle  of 
incidence  is  most  convenient,  and  very 
oblique  rays,  which  show  up  the  defects, 
are  objectionable.  But  to  the  expert, 
searching  for  these  defects,  the  exact 
contrary  condition  is  desired. 

It  is  a  question  worth  asking  whether, 
in  the  examination  of  fine  worsted,  or 
various  qualities  of  cloth,  the  same 
reasoning  might  not  apply.  For  the 
expert  in  examining  such  materials  is 
guided  very  largely  by  small  irregularities 
in  their  surface,  and  one  would  be  inclined 
to  think  that  these  could  best  be  displayed 
by  oblique  rays  coming  from  a  source  of 
small  dimensions,  and  therefore  casting 
fairly  marked  shadows.  The  depressions 
in  a  piece  of  quilting  or  knitted  work 
would  presumably  show  up  better  in  these 
circumstances  than  if  the  light  struck 
the  material  from  all  directions.  Perhaps, 
too,  the  same  would  apply  to  cloth  having 
a  complex  pattern  in  different  materials, 
such  as  shot  or  broche  silk,  or  velveteen, 
the  appearance  of  which  varies  much 
according  to  the  angle  from  which  it  is 
illuminated. 

This  is  another  problem  which  deserves 
more  detailed  discussion  and  might  well 
be  taken  up  by  the  Society.  It  seems  to 
be  a  fact  that  most  people  engaged  in 
such  operations  as  knitting  and  sewing 
prefer  a  strong  local  light — possibly 
because  they  can  then  examine  small 
differences  in  texture  more  readily  by 
moving  the  material  and  so  altering  the 
incidence  of  the  hght. 

The  series  of  illustrations  shown  in  the 
next  few  figures  might  form  a  starting 
place  for  further  experiments.  The  small 
box  shown  was  illuminated  in  two  distinct 
ways  :  (a)  by  direct  lighting  with  black 
surroundings  ;     (b)    by   indirect   lighting 
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Fig.  9. — Showing  sharp  shadow  on  the  left,  sofc  shadow  ou  the  right,  thrown  by 

"  shadow  tester." 


Fig.  10. — Note  difference  in  shadow  nnderiieatli  tlie  silver,  also  the  "reversal  effect"  of 
its  general  a]ipearance,  some  of  the  dark  parts  on  the  left  appearing  bright  in  the 
right  hand  view  and  vice  versa. 
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Fio.   11.— Showing  the  value  of  oljlique  direct  light  in  l)ringiiig  out    l.riH-hi'  silk  and 
velveteen  patterns  and  showing  the  folds  iu  material. 


Various  objects  in  small  booth  illuminated  by  : — 

(a)  direct  light  with  dark  surroundings 

(b)  indirect  light  with  light  surroundings. 


626 


THE    ILLUailNATING    ENGINEER 


with  white  surroundings.  By  this  means 
one  gets  a  complete  contrast  as  regards 
shadow ;  in  fact  a  much  greater  one 
than  would  usually  be  met  with  in 
practice.  In  Fig.  9  the  difference  in 
shadow-conditions  is  illustrated  by  means 
of  the  small  shadow-tester  described  by 
one  of  the  authors  in  a  paper  before  the 
Society  early  this  year.*  In  Fig.  10  we 
have  some  silver  shown  under  similar 
conditions.  The  difference  here  is  not 
so  marked,  the  chief  distinction  being 
the  much  deeper  shadow  under  the 
object  by  direct  light.  But  it  seems 
possible,  especially  with  more  distant 
lights,  that  pure  indirect  lighting  might 
not  be  so  good  for  the  illumination  of 
highly  polished  objects  as  direct  or 
semi-indirect  systems.  For  in  order  to 
show  off  goods  of  this  kind  one  relies 
upon  the  sparkle  produced  by  reflected 
images  of  lights  in  their  surface.  And 
unless  one  has  somewhere  in  the  room 
sources  having  a  fairly  high  intrinsic 
brilliancy  one  can  hardly  expect  to  get 
marked  sparkle  of  this  kind.  It  may  be 
added  that  the  photographs  hardly 
illustrate  completely  the  distinction  in 
this  respect,  as  observed  by  the  eye,  for 
there  is  a  natural  tendency  for  these 
bright  points  of  light  to  be  over-exposed — 
a  condition  which  one  can  hardly  avoid 
if  the  exposure  is  adapted  to  show  up  the 
background    satisfactorily. 

Fig.  1 1  shows  the  appearance  of  a  series 
of  specially  selected  samples  of  cloth.  The 
folded  hanging  strip  in  the  centre  of  the  pic- 
ture is  a  piece  of  brown  velveteen,  the  two 
side  pieces  consist  of  broche  silk,  and  the 
material  in  the  foreground  is  an  ordinary 
camera  cloth.  It  will  be  seen  that  the 
folds  of  the  cloth  and  the  pattern  are 
decidedly  more  distinct  with  the  direct 
lighting  ;  and  it  would  seem  that  light 
coming  from  all  possible  directions  seems 
to  obliterate  to  some  extent  glossy 
patterns  on  a  mat  ground  and,  indeed, 
most  patterns  that  depend  upon  difference 
in  the  degree  of  "  matness." 

The  problem  when  to  aim  at  diffused 
illumination,  and  when  to  use  uni-direc- 
tional  light,  also  occurs  in  connection 
with  the  general  lighting  of  interiors. 
For  example  it  does  not  seem  to  be 
definitely  settled  what  variety  of  shadow 

♦Ilium.  Eng.  Lond.,  March  1913,  p.  140. 


is  best  adapted  to  showing  off  statuary, 
carving,  &c.  A  special  instance  is 
afforded  by  the  white  embossed  friezes 
used  in  many  drawing  rooms,  the  details  of 
which,  when  illuminated  by  light  coming 
from  all  directions,  are  naturally  not 
so  well  marked  as  if  hghted  solely  by 
oblique  light.  On  the  other  hand  it  is 
sometimes  contended-  that  the  effects 
produced  by  the  latter  method  although 
more  pronounced,  are  also  unnatural. 
An  opportunity  was  kindly  afforded  for  a 
photograph  to  be  taken  of  the  entrance 
hall  at  the  Savoy  Hotel  where  the  white 
frieze  is  illuminated  by  concealed  cornice 
lights,  in  addition  to  the  general  illumina- 
tion by  semi-indirect  units.  A  view  of 
this  room  is  shown  in  Fig.  12.  The  lower 
part  of  the  room  appears  much  darker 
than  it  really  is  in  the  photograph,  since 
the  exposure  was  selected  with  a  view  to 
bringing  out  the  details  of  the  frieze  and 
was  therefore  hardly  sufficient  for  the 
darker  objects  It  will  be  seen  how,  in 
this  case,  the  extra  lighting  of  the  frieze 
gives  distinction  to  the  room  and  relieves 
what  might  otherwise  have  been  a  some- 
what flat  effect.  Another  point  to  be 
noticed  is  the  shadow  of  the  cross  beams 
on  the  ceiling.  It  is  rather  a  debatable 
point  how  to  avoid  such  shadows  when 
indirect  or  semi-indirect  methods  are 
used  with  a  ceiling  of  this  description. 
Doubtless  the  shadow  would  be  less 
pronounced  if  the  units  Avere  hung  some- 
what lower  ;  but  in  this  case  the  lights 
themselves  might  be  exposed  to  view. 

In  Fig.  13,  which  illustrates  the  appear- 
ance of  the  front  of  White's  Club  in  St. 
James's  Street,  as  seen  by  daylight  and 
by  artificial  light  on  Coronation  night,  we 
have  again  an  instance  of  the  value  of 
oblique  rays  in  showing  up  mouldings. 
The  artificial  lighting  of  the  face  of  the 
building  was  in  this  case  obtained  from 
two  lines  of  concealed  tubular  lamps  in 
trough  reflectors,  which  were  specially 
shaped  to  give  an  even  illumination.  It 
will  be  seen  that  the  mouldings  stand  out 
in  much  stronger  relief  and  are  much 
more  noticeable  by  night  than  by  day. 
Some  authorities  seem  to  dislike  the  use 
of  oblique  lighting  to  show  off  surface 
ornaments  of  this  kind,  arguing  that  the 
effect  produced  is  quite  distinct  from  that 
characteristic  of  daylight,  and  therefore 
unnatural.     This   is   doubtless   a   matter 
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of  taste  but  there  would  seem  to  be  no 
inherent  objection  to  the  method  if  the 
general  impression  is  pleasing  ;  it  may  be 
added  that  many  of  the  most  striking 
effects  in  the  case  of  buildings  seen  by 
daylight    are    those    produced    by    the 


inclined    rays    and    lengthened    shadows 
caused  by  the  setting  sun. 

■Finally  we  have  in  Figs.  14  and  15  au 
example  of  another  characteristic  difEer- 
ence  between  natural  and  artificial  illu- 
mmation.     By  the  courtesy  of  the  Allan 


Fig.  12.-A  view  of  tl.o  Hall  at  the  Savoy  Hotel.  Note  the  special  obli.,uo  lisjhtinR 
to  shonr  ofE  the  carving  on  the  frie/.e.  (The  lower  part  of  the  room  appears 
somewhat  darker  than  it  should  be,  as  the  exposure  was  necessarily  limited  in 
order  to  get  the  details  in  the  frieze.) 
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Photo,  taken  by  drnjUght. 


Fig.  14, — A  view  of  the  office  of  the  Allan  Line  (Cockspar  St.,  London,  S.W.),  by 
daylight.  The  pillars  stand  out  liqht  against  a  dark  background,  and  the  interior 
of  the  arch  is  lighl(r  than  its  surroundings. 
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Photo,  /liken  entirely  by  nrtificinl  light. 

Fig.  15.— The  same  view  by  artificial  light.       Note  the  reversal  of  shadow.       The 
pillars  nowappear  firtr/;  against  a  lifj^ht  background,  the  inside  of  the  arch   is 
now  darker  than  its  front  face  instead  of  lighter;    and  even  the  grooves  in  the 
pillars  appear  as  dark  lines  instead  of  light  ones. 
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Co.  we  were  granted  permission  to  take 
these  two  views  by  day  and  by  night 
in  the  office  of  the  Company  in  Cock- 
spur  Street.  We  selected  this  as  an 
excellent  example  of  the  "  reversal  of 
shadow  "  by  artificial  light.  In  the  view 
taken  by  daylight  the  pillars  stand  out 
white  against  a  dark  background,  while 
with  the  artificial  light  we  get  an  exactly 
opposite  effect,  due  to  the  lamps  concealed 
behind  the  pillars.  The  arch  on  the 
right  shows  a  similar  ef?ect,  the  interior 
being    brighter    than    the    front    surface 


lights  shown  in  Fig.  L5  have  a  charming 
effect  on  which  we  must  compliment  the 
architect,  Mr.  A.  T.  Bolton,  F.R.I.B.A.), 
and  it  might  be  urged  that  the 
artificial  lighting  of  architectural  features 
is  a  new  field.  Is  it  necessary  for  the 
effects  characteristic  of  daylight  to  be 
imitated  ?  Seeing  that  artificial  lighting 
is  itself  radically  different  from  daylight 
in  its  distribution  and  arrangement  it 
seems  unreasonable  to  try  and  force  it 
always  to  give  the  same  kind  of 
shadows. 


Daylight.  Night  time. 

Fig.  I.S.— Showin<;  the  appearance  of  White's  Ciub  (St.  James's  St.)  by  daylight,  and  the  frontage 
illuminated  by  lamps  concealed  in  trough  reflectors  on  Coronation  Night.  Note  the  value  of 
the  oblique  light  in  showing  off  carving  on  the  front  of  the  building. 


during  the  day  but  darker  by  night. 
[Several  slides,  "lent  by  Mr.  T.  E.  Ritchie, 
were  also  shown,  illustrating  the  difference 
in  appearance  of  the  hall  at  the  Alle- 
ghenny  Soldiers'  Memorial,  Pittsburgh, 
by  day  and  artificial  light.  A  notable 
feature  in  this  case  was  also  the  reversal 
in  the  shadow  effect  of  the  pillars.] 
Here  again  we  find  that  some  writers 
assert  that  these  shadow  reversals  are 
unnatural  and  should  be  avoided.  Yet 
it  must  be  conceded  that  the  concealed 


Some  of  these  architectural  points  are 
also  worthy  of  special  discussion.  Indeed 
the  more  one  examines  and  considers  these 
matters  the  more  one  is  struck  by  the 
important  part  played  by  shadow  in 
almost  all  problems  of  artificial  lighting. 
In  its  very  first  session  this  Society 
promoted  a  discussion  on  the  subject  of 
glare,  the  avoidance  of  which  is  now 
recognised  to  be  such  an  important 
feature  in  artificial  lighting  ;  subsequently 
there  were  discussions  on  the  measure- 
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ment  of  illumination,  which  are  leading 
towards  the  prescription  of  certain  inten- 
sities of  illumination  for  various  purposes 
in  daily  life.  It  may  be  suggested  that  the 
shadows  caused  by  artificial  light  would 
provide  yet  another  fruitful  field  for 
study  and  that  the  consideration  of  these 
three  factors  would  enable  us  eventually 
to  solve  the  great  majority  of  problems 
in  artificial  illumination. 

At  the  conclusion  of  the  paper  Mr. 
Dow  referred  to  several  exhibits  of 
interest,  including  a  form  of  table  fitting 
with  a  revolving  hexagonal  frame,  illu- 
minated by  the  lamp  inside.  The  frame 
contained  positives  of  photographs  of  a 
number  of  lighting  installations,  backed 
by  opal  glass.  It  was  pointed  out  that 
illuminated  pictures  of  this  kind  should 
give  a  more  effective  picture  of  an  in- 
stallation than  a  photographic  print,  since 
the  degree  of  contrast  (which  in  a  print 
does  not  as  a  rule  exceed  30  :  1)  ap- 
proached more  nearly  that  found  in 
practice. 

Another  exhibit  was  a  series  of  enlarge- 
ments of  several  of  the  photographs 
exhibited,  reproduced  by  a  novel  process 
direct  on  wooden  panels. 

Finally  Mr.  Dow  showed  a  series  of 
photographs  of  shadows  kindly  lent  by 
Mr.  M.  Luckiesh,  illustrating  the  work 
on  this  subject  being  carried  out  in  the 
United  States.  * 

Discussion. 

The  Chairman  expressed  his  interest 
in  the  photographs  submitted.  Photo- 
graphy by  artificial  light  might  be  very 
useful  to  the  illuminating  engineer,  if 
carried  out  scientifically  ;  but  evidently 
it  might  also  be  deception  carried  to  a 
fine  art.  In  fact,  it  could  fulfil  all  the 
qualifications  that  were  re([uired  of  an 
expert  witness,  according  to  the  defini- 
tion that  had  been  given  of  that  particu- 
lar professional. 

Mr.  Dow  had  referred  to  one  point  that 
interested  him,  and  that  was  the  question 
of  people  who  had  to  work  with  dark 
materials,  worsted.  &c.,  preferring  small 
units  of  light  near  the  work  to  good 
general  diffusion  of  light.     Mr.  Dow  had 

*  Mr.  Luckiesh's  experiments  arc  described  <>n 
pp.  636,  637.— Ed. 


suggested  that  the  explanation  of  it  might 
be  the  ability  to  get  the  light  upon  the 
work  at  varying  angles  easily.  That  no 
doubt  had  something  to  do  with  it,  but 
was  it  not  also  a  possible  explanation  that 
when  one  was  working  in  a  way  callino- 
for  close  application  to  the  work  in  hand, 
one  liked  to  be  able  to  look  away  from 
the  illuminated  work  to  something  that 
was  considerably  darker  ?  If  one  em- 
ployed general  illumination  where  this 
fine  work  had  to  be  done,  the  eye  got  no 
relief  by  looking  away  from  the  work  to 
the  rest  of  the  room,  because  the  illumina- 
tion was  the  same  everywhere.  He 
believed  that  the  sorters  in  the  Post 
Office  almost  went  on  strike  when  the 
authorities  substituted  good  general 
illumination  for  local  illumination  upon 
the  sorting  work,  because  they  found  that 
the  eye  got  no  relief  by  looking  away 
from  the  letters  to  the  surroundings, 
whereas  with  adequate  light  on  the  work 
one  was  able  to  get  some  relief  for  the 
eyes  by  looking  away  from  the  illumination 
on  the  work  to  the  very  much  less  intense 
light  in  the  room  generally.  That  might 
be  a  partial  explanation  of  the  preference 
for  small  units  of  light  in  work  calling 
for   close   attention. 

Mr.  T.  E.  RiTCMiK  said  that  the  Society 
was  much  indebted  to  the  authois  of  this 
paper  because  the  subject  of  shadows  was 
a  very  important  one.  Reference  had 
-been  made  to  the  work  of  Mr.  Eck,  and 
the  photographs  published  by  him  which 
he  (Mr.  Ritchie)  thought  showed  the  first 
attempt  to  obtain  commercially  from 
artificial  lighting  used  under  orninarv 
working  contlitions  shadows  approxi- 
mating to  those  obtained  in  the  same 
rooms    by    daylight. 

Mr.  Ritchie-  explained  that  since  the 
installations  in  (|uestion,  much  had  been 
do!ie  in  this  direction  and  proceeded  to 
show  ,1  series  of  illustrations  of  a  gym- 
nasium and  a  museum  lighted  respectively 
by  daylight  and  artificial  light.  He 
pointed  out  that  the  shadows  obtained  in 
the  two  cases  were  very  similar  both  in 
degree  and  in  density  (see  p.  633). 

There  was  one  very  ini|)or(ant  aspect 
suggested  by  the  paper.  He  thought  that, 
having  regard  to  the  very  great  value  of 
Photography  in  Illuminating  ^engineering, 
the  time  had  arrived,  when  at  all  events 
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for  the  purposes  of  the  Illuminating 
Engineering  Society,  we  should  demand 
more  accurate  and  scientific  work  in 
connection  with  shadows  and  informa- 
tion relating  thereto  and  photographs 
thereon,  than  had  been  presented  in  the 
past.  This  point  was  all  the  more  vital 
because,  as  the  authors  had  pointed  out, 
it  was,  perhaps,  often  difficult  to  determine 
shadow  value  by  a  purely  photometric 
method  and  to  present  this  information 
in  the  form  of  a  ratio  ;  but  there  was  also 
no  doubt  that  it  is  impossible  with  the 
best  intentions  in  the  world  always  to 
express  them  accurately  in  a  picture. 
Mr.  Ritchie  thought,  therefore,  that  it 
would  be  of  great  assistance  to  those 
interested,  if  it  was  possible  to  fix  definitely 
the  question  of  the  correct  expression  of 
shadow  values  photometrically,  and 
merelv  to  use  the  photographs  to  indicate 
their  direction  and  character,  which, 
of  course,  could  not  be  done  in  any  other 
way. 

Mr.  Ritchie  then  proceeded  to  show  a 
slide  illustrating  an  experiment  bearing 
on  this  point.  In  the  photograph  a 
shadow  was  seen  cast  by  a  small  box. 
In  the  various  illustrations  of  this  the 
source  of  light  was  unaltered,  the  shadow 
was  unchanged  photometrically,  the 
exposure  was  identical,  and  the  only  factor 
that  was  varied  was  the  development. 
In  one  series  of  illustrations  three  shadows 
having  apparently  almost  identical  depth 
were  visible  ;  whereas  if  the  density  of 
the  shadow  on  the  left  were  taken  as  one 
the  second  one  represented  Uventy,  and 
the  third  one  forty.  In  the  other  series 
a  shadow  of  the  same  density  appeared 
as  of  three  widely  different  depths. 
Changes  in  exposure  and  in  the  printing 
process  adopted  might  introduce  other 
variations.  It  was  evident,  therefore, 
that  by  modification  of  the  conditions, 
which  might  easily  be  unconscious, 
differences  in  actual  results  could  be 
masked ;  yet  to  the  casual  observer 
such  photographs  would  be  taken  to 
represent  (|uite  a  possible  result.  He, 
therefore,  thought  that  it  was  most 
desirable  that  definite  information  as 
regards  the  conditions  under  which  the 
photographs  were  taken  should  be  given, 
and  he  hoped  that  the  authors  would  be 
able  to  suggest  some  method  which 
might,  after  possibly  further  discussion. 


form  the  basis  of  imiform  work  in  this 
direction. 

Mr.  Haydn  T.  Harrison  referred  to 
the  photographs  shown  some  time  ago  by 
Mr.  Eck,  and  to  some  remarks  which  he 
himself  made  at  that  time  on  the  question 
of  shadow.  Mr.  Eck,  it  would  be  recalled, 
suspended  a  white  disc  and  also  a  sphere 
and  lighted  them  by  indirect  lighting. 
He  (Mr.  Harrison)  had  handed  the  pub- 
lished results  and  the  photograph  to 
three  separate  people  and  asked  them  to 
say  which  was  the  disc  and  which  was  the 
sphere,  but  they  were  unable  to  be  certain. 
Mr.  Dow  and  Mr.  Mackinney  had  referred 
to  this  matter.  The  point  he  wished  to 
emphasise  was  that  there  was  no  difference 
between  a  sphere  and  a  disc  if  there  was  no 
shadow  ;  but  if  there  was  shadow  the 
sphere  began  to  appear  as  a  sphere  and  the 
disc  as  a  disc,  and  the  degree  by  which 
they  were  distinguished  was  in  propor- 
tion to  the  degi'ee  of  shadow. 

He  congratulated  the  authors  upon 
the  very  valuable  photographs  which 
they  had  show^n,  but  he  thoroughly 
agreed  with  the  last  speaker  that  photo- 
graphs might  be  most  deceptive  things ; 
but  fortunately  these  were  taken  with  a 
different  object.  This  was  a  point  on 
which,  he  was  glad  to  see,  the  authors 
had  laid  stress.  There  was  one  point 
with  which  he  did  not  agree,  namely, 
the  authors  seemed  to  infer  that  it  was 
possible  to  obliterate  any  inconvenience 
caused  by  dense  shadows,  merely  by 
diffusing  the  edge  of  the  shadow,  but  if 
shadows  cast  were  of  large  areas  and 
very  dense  it  was  eqixivalent  to  putting 
that  area  of  the  room  into  comparative 
darkness  which  was  to  be  avoided. 

On  the  other  hand  some  shadow  was 
important  to  bring  out  the  relief  of  solid 
objects. 

He  had  heard  it  suggested  that  the 
whole  object  in  streetlighting  was  to 
produce  shadows,  because  one  could  often 
see  a  shadow  more  easily  than  the  object 
producing  it.  This  was  perfectly  true, 
because  the  object  might  be  about  the 
same  colour  as  the  road,  and  would  there- 
fore be  difficult  to  distinguish  without 
the  shadow  which  would  be  darker.  For 
the  illumination  of  letterpress  or  drawings 
there  was  no  object  in  having  shadow 
because  they  were  working  in  flat  surface  ; 
but  in  bas-reliefs  and  similar  cases  such  as 
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Daylight  photoorraph  showing  positious  aud  character  of  shadows.      Note  shadow 
compare  with  those  shown  in  artificial  light  photograph  below. 

(Min.  illumination  in  shadows  nnder 
cases  at  left-hand  side. 
Max.  illaniination  in  centre  of  passageway 
shown  in  foreground  of  photograph. 


) 


111  (k)ur  aud 


=  11-5 


Artificial  light  photograph  of  room  shown  al)i>vi'.  HhowmK  )iosiIioiik  und  cliiiraclcr  of  shadowo. 
Note  shadows  under  specimen  cases  and  compare  with  daylight  photograph  nbove. 


Shadow  Ratio 


(Min.  illumination  in  shadows  under        \ 
cases  at  left-hand  side. I 
Mux.  illumination  in  centre  of  pas.'ageway  / 
shown  in  photograph. 


=  16- 


D  2 
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those  exhibited  by  Mr.  Dow,  the  object 
might  appear  quite  flat  until  the  light 
was  directed  on  it  at  an  angle  to  produce 
shadows.  This  Mr.  Dow  had  demon- 
strated by  tilting  the  sample  of  bas- 
relief.  With  an  evenly  diffused  illumina- 
tion coming  from  all  directions  a  shadow 
was  not  produced,  and  that  was  the 
point  which  he  raised  in  the  discussion 
upon  the  disc  and  sphere. 

Mr.  R.  J.  Wallis  Jones  said  that  the 
photograph  shown  by  Mr.  Dow  of  the 
entrance  hall  of  the  Savoy  Hotel  was  of 
special  interest  to  him  as  he  was  the 
engineer  responsible  for  the  lighting  of 
this  room,  There  was  a  particular 
object  in  designing  the  lighting  of  that 
frieze.  It  was  a  particularly  deep  frieze, 
and  he  had  a  special  arrangement  of  tubu- 
lar lamps  to  throw  the  light  in  an  upward 
direction  so  as  to  get  the  correct  shadow 
eflEect.  He  thought  this  installation  was 
a  very  good  example  of  the  point  which 
Mr.  Dow  had  so  clearly  brought  out. 

Mr.  Leox  Gaster  said  that  he  appreci- 
ated the  enormous  amount  of  work 
involved  in  the  paper.  The  use  of 
photography  in  order  to  secure  a  cori'ect 
representation  of  lighting  conditions  was 
a  most  important  matter,  and  he  would 
like  to  make  special  reference  to  one 
instance  of  this  mentioned  by  the  authors 
— the  appearance  of  shadows  in  factories 
by  natural  and  artificial  light.  It  had 
been  said  that  at  the  period  in  the  evening 
when  the  twilight  came  on,  and  the 
artificial  light  began  to  be  used,  the 
amount  of  spoiled  work  was  exceptionally 
great.  One  possible  reason  was  that 
the  shadows  cast  by  artificial  lighting 
were  rarely  the  same  as  by  daylight  ; 
if  the  shadows  were  thrown  in  an  incon- 
venient direction  this  would  account  for 
many  mistakes,  and  might  even  be  the 
cause  of  an  accident. 

Now  as  a  rule  it  is  not  possible  to  see 
the  natural  and  artifical  lighting  condi- 
tions in  a  factory  simultaneously ;  one  can 
only  try  to  remember  what  the  daylight 
was  like  before  the  artificial  light  was 
turned  on. 

In  such  cases  a  photograph  accurately 
comparing  the  conditions  of  shadow  by 
natural  and  artificial  li"ht  misht  indicate 


the  defects  of  lighting  responsible,  and 
thus  lead  to  most  useful  conclusions. 

Mr.  J.  S.  Dow  AND   Mr.  V.  H.  Mac- 

KINNEY    (in    reply)  : — 

Much  of  the  discussion  seems  to  have 
turned  on  the  trustworthiness  of  photo- 
graphs in  illuminating  engineering.  See- 
ing that  we  are  so  closely  interested  in 
the  impression  received  by  the  eye,  the 
utility  of  pictorial  methods  can  hardly 
be  doubted.  A  photograph,  even  if  not 
absolutely  exact,  will  show  in  a  few 
minutes  what  would  take  a  long  time  to 
explain  verbally. 

On  the  other  hand  photography,  like 
Art,  has  its  limitations.  There  are 
some  conditions  of  light  and  shade  which 
cannot  be  reproduced  exactly,  either  on 
canvas  or  on  a  photographic  print.  Very 
frequently  the  variation  in  brightness 
in  an  interior  is  far  greater  than  is  repro- 
ducible on  a  photographic  print,  where 
the  range  of  tone  rarely  exceeds  30  :  1. 
The  shadows  mentioned  by  Mr.  Ritchie 
(10  :  20  :  1)  represent  a  case  in  point. 
Much  must  be  left  to  the  judgment  of  the 
photographer.  He  should  have  a  clear 
recognition  of  what  the  photograph  is 
intended  to  show,  and  which  are  the 
features  on  which  attention  should  be 
mainly  concentrated. 

Naturally,  in  interpreting  photographs 
one  should  assume  the  good  faith  of  the 
operator.  Everybody  is  aware,  and  we 
have  purposely  illustrated  this  point  in  the 
paper,  that  photographs  can  be  faked. 
But  it  would  be  as  illogical  to  condemn 
photographs  on  this  ground,  as  it  would 
be  to  refuse  to  admit  the  value  of  painting 
because  some  people  are  colour  blind. 

We  agree  with  Mr.  Ritchie  that  in  cases 
where  correct  appearance  of  shadow  is  of 
scientific  importance  it  is  well  to  supple- 
ment the  photographs  by  illumination 
data,  and  particularly  by  surface  bright- 
ness measurements  of  the  various  objects 
shown  in  the  picture.  On  the  other  hand 
there  are  circumstances  in  which  this 
method  is  not  readily  applicable,  and 
other  cases  again  (such  as  the  drawing 
board  illustrated  in  Fig.  2)  where  it 
hardly  gives  a  true  measure  of  the  visual 
effect.  Mr.  Harrison  alluded  to  this  point. 
Of  course,  he  is  quite  right  in  saying  that 
a  very  dense  shadow  may  make  the 
details  indistinguishable  even  though   it 
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fades  away  very  gently.  Our  comment 
was  only  intended  to  apply  to  the  particu- 
lar  case    discussed. 

The  Chairman  alluded  to  the  value  of 
strong  local  lighting  in  concentrating 
the  attention  of  the  worker.  No  doubt 
this  is  one  explanation  why  some  people 
prefer  local  lighting  with  shaded  lamps. 
But  it  may  be  suggested  that  there  are 
other  factors,  such  as  the  inclination  at 
which  the  rays  strike  the  illuminated 
surface. 

Mr.  Harrison  referred  to  the  "  silhouet- 
ting effect  "  in  the  streets,  an  effect  which 
was  pointed  out  in  a  recent  paper  in  the 
United  States  by  Mr.  P.  S.  Millar.  No 
doubt,      objects     in      the      streets     are 


sometimes  seen  in  this  way  ;  nevertheless 
it  must  surely  be  admitted  that  a  method 
of  lighting  in  which  objects  are  seen 
black  against  a  bright  background  is  by 
no  means  an  ideal  one,  and  it  is  probable 
that  in  some  cases  the  dense  shadows 
cast  in  the  streets  by  moving  vehicles 
have  a  distinctly  misleading  effect. 

Mr.Wallis-Jones  referred  to  the  lighting 
in  the  lounge  at  the  Savoy  Hotel.  We 
selected  this  as  a  good  example  of  the  use 
of  inclined  rays  to  illuminate  friezes. 
The  installation  seems  an  excellent  one, 
on  which  Mr.  Wallis-Jones  may  be  con- 
gratulated, and  the  combination  of 
suspended  bowls  and  frieze-lighting  pro- 
duces a  very  pleasant  effect. 


Ube  Jlluminatino  lEnoincentuj  Socict\i. 

(FOUNDED   IN   LONDON,    1909.) 


OFFICIAL  ANNOUNCEMENT   OF   NEXT   MEETING. 

(To  be  held  in  the  House  of  the  Royal  Society  of  Arts,  18,  John  Street,  Adclphi, 
London,  at  8  p.m.  on  Tuesday,  Dec.  1 6th,  1913.) 


At  this  Meeting  a  paper  will  be  read  by  Mr.  P.  J.  Waldram,  F.S.I., 
entitled  :  "  Some  Problems  in  Daylight  Illumination,  with  special 
reference  to  School  Planning." 


Copies  of  the  paper  can  be  luni  on  application  to  the  Hon.  Scucltny 
(Mr.  L.  Gaster,  .i2.    Victoria  Street,  LonJon,  S.]l\). 
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THE   IMPORTANCE   OF  DIRECTION,   QUALITY  AND 
DISTRIBUTION   OF   LIGHT. 

By  M.  Luckiesh. 


(Abstract  OF  A  Paper  read  before  the  American  Gas  Institute,  October,  1913.) 


In  a  paper  on  the  above  subject  read  at 
the  Eighth  Annual  Meeting  of  the 
American  Gas  Institute  last  October,  Mr. 
M.  Luckiesh  showed  a  number  of  illustra- 
tions illustrating  the  effect  of  shadows  on 
sculpture,    and    he    has    kindly    sent    us 


In  lighting  statuary  the  question  of 
shadows  is  of  considerable  importance, 
and  the  problem  how  the  artificial  light 
ought  to  be  arranged  in  order  to  give  the 
best  effect  is  one  that  needs  to  be  carefully 
studied  by  the  lighting  engineer. 


Artificial  light  (Indirect).  Artificial  light  (Direct).  Daylight. 

Fig.  I. — Showing  different  appearance  of  casts  of  a  man's  head  by  light  coming  in  various  directions. 


copies  of  these  for  reproduction.  This 
series  of  photographs  was  also  exhibited 
by  Mr.  J.  S.  Dow  at  the  last  meeting  of 
The  Illuminating  Engineering  Society 
(London). 


Daylight  illumination  in  a  room  is  not 
always  ideal,  and  its  utility  depends 
greatly  on  the  way  the  windows  are 
arranged.  For  example,  in  Fig.  1  is 
shown  a  cast  of  a  man's  head  illuminated 


Above.  Below.  Side.  Side. 

Fig.  2. — Effect  of  light  coming  in  various  directions. 


Direct  on  right. 
Diffnsed  on  left. 
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respectively  by  indirect  and  direct 
artificial  lighting  and  by  daylight.  The 
room  contained  two  windows  on  one 
side  of  the  room  and  one  on  the 
other.  The  plaster  head  was  hung  5  ft. 
from  the  floor  and  facing  the  wall  con- 
taining   one    window.     The    walls    and 


It  need  scarcely  be  said  that  in  revealing 
architectural  effects  some  of  these  points 
are  very  important  indeed.  As  an  illus- 
tration of  how  mouldings  may  be  altered, 
Mr.  Luckiesh  shows  a  capital  lighted  res- 
pectively from  above  and  below  (see 
Fig.  4).     It  will  be  seen  that  the  appear- 


FiG.  3. — A  capital  lighted  from  iUxive  and  hcluw. 


ceilings  had  a  reflection  coefficient  of 
40  per  cent.  It  will  be  seen  that,  in  this 
case,  the  effect  of  the  artificial  lighting  is 
distinctly  better  than  daylight,  which 
caused  part  of  the  head  to  be  left  in 
shadow. 

The  importance  of  good  diffusion  in 
artificial  lighting  is  very  evident.  Light 
coming  from  one  direction  only  is  apt  to 
distort  the  appearance  of  a  face.  This  is 
brought  out  very  clearly  in  Fig  2,  which 
represents  a  series  of  photographs  of  the 
head  illuminated  successively  by  light 
coming  from  above,  from  below  and  from 
the  side. 

A  rather  different  problem  is  the  illumin- 
ation of  low  relief  casts.  The  most  ideal 
method  would  doubtless  be  to  light  each 
exhibit  in  a  gallery  separately  in  order  to 
make  sure  of  getting  the  best  effect.  But 
where  there  are  many  objects  to  be  shown 
and  this  method  is  not  practicable,  the 
best  system,  Mr.  Luckiesh  suggests,  would 
be  to  arrange  the  objects  in  a  long  narrow 
room  lighted  by  a  series  of  windows  anil 
by  artificial  lights  from  one  side  of  the 
room.  The  reflection  coefficient  of  walls 
and  ceilings  should  be  carefully  considered 
in  order  to  make  sure  that  the  diffusion 
is  sufficient  but  not  excessive. 


ance  is  quite  changed,  and  a  curious 
reversal  of  shadow  is  obtained  on  some 
parts  of  the  object. 


Fk;.   1.— Showing  i»ff<>ct  of  ilirectioii  of  lijflit 
on  nil  ilhimiimtoH  frieze. 

In  the  renminder  of  the  pajjer  .Mr. 
Luckiesh  refers  to  the  effect  of  direction 
of  light  and  colour  value  on  the  appears 
ance  of  pictures.  This  is  a  mutter  to 
which  wf  hope  to  return  shortly. 
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CORRESPONDENCE. 


POLAR   CURVES  OF   GLOBES,  SHADES   AND  REFLECTORS. 


Deak  Sib, 

We  notice  in  the  last  muiiber  of  the 
"  Illuminating  Engineer  "  a  letter  in 
your  columns  on  the  above  subject. 

We  take  this  opportiuiity  of  stating 
that  we  are  entirely  in  agreement  with 
your  correspondent's  remarks.  When 
publishing  polar  ciirves  of  our  units  we 
have  always  been  prepared  to  explain 
the  conditions  imder  which  they  are 
obtained.  Although  the  testing  arrange- 
ments in  the  different  laboratories  owned 
by  and  connected  with  this  Company 
are  exceptionally  complete,  and  a  skilled 
staff  is  engaged  in  continually  studying 
this  question,  we  have  frequently  had 
confirmatory  tests  carried  out  at  outside 
institutions,  such  as  the  National  Physical 
Laboratory  in  this  country  and  similar 
institutions  on  the  Continent  and  in  the 
United  States. 

There  is  one  other  jooint  which  we 
would  emphasise,  namely  published  dia- 
grams, besides  giving  the  polar  curves 
derived  from  the  unit  as  a  whole  (lamp 
and  shade  or  reflector  combined)  should 
also  give  the  distribution  curve  from 
the  bare  lamp  ;  only  in  this  way  can 
the  effect  of  a  globe  or  reflector  be  properly 
judged.  A  curve  of  the  unit  alone, 
especially  when  given  without  any  figures 
indicating  the  c.p.,  is  not  of  much  value 
and  may  very  often  be  misleading. 

Belie\e    me.    Yours   faithfviUy, 

HoLOPHANE  Ltd. 


Dear  Sir, 

Under  the  aV>ove  heading,  "  An  Engin- 
eering Correspondent  "  has  raised  an 
important  matter  in  your  November 
number. 

Presumably  the  object  of  manufac- 
turers in  publishing  polar  curves  is  to 
indicate  the  performance  of  their  wares, 
and  if  this  be  the  case  every  effort  should 
be  made  to  render  such  curves  truly  and 
fully  descriptive.  Among  the  catalogues 
and  advertisements  of  glassware  and 
lighting  fixtures  now  being  published, 
however,  one  may  find  polar  cvirves 
without  candle-power  scales,  devoid  of 
data  as  to  gas  or  electricity  consumption, 
and  showing  in  no  way  how  the  ciu've 
of  the  bare  illuminant  is  modified  by  the 
particular  device  under  consideration. 

Now  it  is  obvious  that  such  geometrical 
patterns  have  absolutely  no  scientific 
value,  even  whcTi  labelled  "Distribvitive," 
say,  or  "  Focusinc."'  Neither  are  they 
of  any  practical  utility,  since  the  absence 
of  some  or  all  of  the  requisite  numerical 
data  renders  them  proof  against  calcula- 
tion. Have  they  a  commercial  value  ? 
If  so.  it  must  be  by  some  process  wliirh 
is  more  subtle  than  evident.  Surely  it 
would  be  better  for  the  lighting  indvxstry 
as  a  whole  if  we  could  have  information 
with  a  guarantee  behind  it. 

The  steadily  increasing  output  of 
standardised  glassware  and  the  like  is  an 
achievement  of  which  manufacturers 
may  justly  be  proud,  but  the  concurrent 
issue  of  information  of  an  inadequate 
and  therefore  unoonvincing  natiu"e  is  a 
retrograde   stej:). 

I   am.    Sir, 

Yoiu's.  &c., 

Arthur  Blok. 
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REVIEW  OF   THE 
TECHNICAL    PRESS. 


ILLUMINATION   AND    PHOTOMETRY. 

In  the  last  few  niunbers  of  the  Science  et 
Art  de  I'Eclairage  there  are  quite  a 
number  of  articles  bearing  on  various 
aspects  of  illumination.  Prof.  A. 
Blondel,  discusses  signal  lights.  R. 
HouD  AYER  contributes  an  historical  article 
sketching  the  development  in  matters  of 
illumination  in  the  past.  The  article  is 
illustrated  by  a  number  of  pictures 
showing  fixtiu-es  in  the  form  of  a  tree, 
oil  lamps  shaped  to  resemble  shoes,  &c. 
J.  RouGiER  discusses  the  lighting  of 
Cinematograph  theatres  and  underground 
railways.  He  lays  special  stress  on  the 
iLse  cf  appropriate  reflectors  in  these 
cases,  and  shows  that  in  many  of  the 
underground  railways  of  Paris  it  would 
be  possible  to  get  greatly  improved 
illmnination  from  the  existing  lamps 
by  this  means.  In  such  cases  it  is  par- 
ticularly essential  that  the  artificial 
lighting  should  be  good,  because  people 
Lave  to  depend  entirely  on  artificial 
illumination. 

H.  IvRtiss  [Zeitschr.  f.  Instrumentcn- 
kunde,  Nov.)  contributes  an  article  dis- 
cussing the  use  of  dark  glasses  in  photo- 
metry. He  establishes  relations  con- 
necting the  absorption  of  light  with  tlie 
thickness  of  material  of  a  given  opacity, 
and  collects  the  results  in  tabular  form 
to  show  how  the  effect  of  a  series  of 
dark  glass  plates  cf  a  given  thickness 
could  be  determined.  In  the  course  of 
the  article  he  refers  to  early  experiments 
in  this  subject,  and  gives  some  instances 
of  the  early  use  of  glass  wedges  in 
astronomy. 

J.  TEiCHMtiLT.ER  (Licht  u.  Latupc. 
Oct.  23rd  and  Nov.  6th)  contributes  an 
article  explaining  in  popular  t<>riiis  the 
chief  photometric  quantities  (ilhnniuation, 
flux  of  light.  &c.).  The  (•()utril)uli()n 
contains  a  series  of  illustra  ions  slawing 
sections  of  the  photometric  solid  sur- 
roimding  the  source  and  showing  the 
nature  of  the  polar  curve  in  various 
planes. 


Dr.  L.  Block  (E.T.Z..  No\ .  13th) 
suggests  an  interesting  method  of  com- 
paring the  colour  of  various  ilhnninants. 
He  proposes  that  a  photonu'tric  com- 
parison of  the  illuminants  should  be 
made,  the  field  in  the  photometer  being 
viewed  in  turn  through  green,  blue,  and 
red  glasses.  If,  when  a  source  is  com- 
pared with  daylight  in  this  way,  the  ratio 
in  the  three  cases  is  the  same,  we  may 
justifiably  assume  that  the  resemblance 
in  spectrum-composition  is  very  close. 
Dr.  Blocli  has  studied  a  large  number  of 
modern  ilhnninants  by  this  method,  and 
collects  the  results  in  diagrammatic  f  )ria 
in  a  distinctly  ingenious  manner.  The 
diagram  shows  clearly  that  very  few  of 
our  modern  ilhnninants  come  really  close 
to  daylight. 

M.  LuCKiESH  (EW.  World.  Oct.  25th) 
remarks  that  althougli  nuich  has  been 
said  (m  the  effect  of  different  qualities 
of  light  radiation  on  the  eye,  miv  little 
nvunerical  work  on  tliis  has  yet  be<'n  done. 

He  lias  studied  tlie  absorptiim  of  the 
different  qualities  of  radiation  by  means 
of  various  depths  of  water  which  are 
considered  to  be  equivaler.t  to  the 
successive"  regions  of  the  eye.  This  is 
iilustrati'd  by  a  series  of  diagnuns  show  inn 
how  each  section  absorbs  ligiit  through- 
out the  spectrum.  It  would  apj^-ar  tlint 
the  cornea  of  the  eye  is  tin-  portion  winch 
exerts  the  strongest  absorption  effin-t. 
The  Elrctrical  World,  in  connncnting  on 
the  article,  remarks  that  we  h'lve  ns  yet 
very  little  evidence  i>i  siipport  of  llu' 
idea  that  radiant  energy  a-s  a  wl.(»l«'. 
irrespfctive  of  its  qiuility.  luus  a  marked 
effer-t — a  "power  blow  "  — t>n  the  y\v. 
Injuries  may  be  c-aused  by  ultra-violet 
li^ht.  but  it  would  appexr  tliat  in  general 
the  most  influ«'nti«l  factor  is  tinsatis- 
factory  conditions  of  visible  liglit. 

The  la«t  muuber  of  tlie  TmnJHictionH 
of  the  American  Illuminating  Knuineering 
Society  contain  some  of  the  pap<Ts  mvd 
at  the  Annual  Convention  to  which 
reference  wa.s  made  in  our  last   nunilK^r. 
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The  paper  by  F.  Park  Lewis  on 
"  Psychic  Values  of  Light,  Shadow,  Form, 
and  Colour "  deserves  special  mention. 
In  this  the  author  shows  how  profoundly 
our  daily  life  is  affected  by  the  mental 
impressions  of  surrovmding  objects. 
Therefore,  the  question  how  objects  are 
illuminated  and  seen  is  clearly  an  im- 
portant one,  and  the  mind  is  invariably 
prejudicially  affected  by  ill-lighted  sur- 
roundings. 

ELECTRIC    LIGHTING. 

Several  articles  have  appeared  dealing 
with  the  half-watt  lamp.  R.  Ziegenberg 
{Z.  /.  B.,  Nov.  10th)  gives  some  par- 
ticulars of  recent  developments  in  Berlin. 
It  appears  that  they  cannot  as  yet  be 
made  for  currents  of  less  than  4 — 5 
amperes,  and  lamps  from  600  to  3,000  c.p. 
are  now  becoming  available.  The  3,000 
c.p.  lamp,  taking  about  1,500  watts,  is 
stated  to  be  a  very  effective  unit  for 
outdoor  lighting,  and  a  photo  is  given 
of  the  facade  of  a  building  illuminated  in 
this  way.  Polar  curves  of  the  lamps 
with  various  types  of  reflectors  are  given. 
One  curious  feature  is  that  the  resistance 
of  these  thick  filaments  appears  to  be 
very  nearly  the  same  when  the  lamps 
are  cold  as  when  very  hot.  Conse- 
quently there  is  no  great  initial  rush  of 
current. 

Lanomuir  and  Orange  {Elec.  World, 
Oct.  I8th)  also  deal  with  this  subject. 
Reference  is  made  to  the  effect  of  the 
nitrogen  in  conducting  heat  from  the 
filaments  :  it  appears  that  the  bulbs  used 
with  the  new  lamps  reach  a  considerably 
higher  temperature  than  that  vised  with 
ordinary  tungsten  lamps,  and  in  some 
cases  it  may  be  desirable  to  use  sjjecially 
strong  glass.  The  intrinsic  brilliancy  of 
the  new  lamps  is  estimated  at  1,200  c.p. 
per  square  inch.  It  is  remarked  that 
the  inner  side  of  the  helical  filament  seems 


to  be  brighter  thao  the  outside  ;    this  is 
apparently  due  to  reflected  light. 

Other  articles  by  A.  T.  Baldwin 
{Elec.  World,  Oct.  18th)  and  Blake  and 
CoucHEY  ( Gen.  Elec.  Rev.,  July)  deal 
with  modern  arc  electrodes.  The  writer 
gave  particulars  as  regards  the  life  of 
various  types,  the  effect  of  enclosure, 
and  the  efficiency.  It  would  appear  that 
the  maximum  efficiency  obtainable  is 
about  4  c.p.  (mean  spherical)  per  watt. 

GAS,    OIL,    ACETYLENE    LIGHTING. 

There  are  not  a  great  many  articles  in 
this  section  which  require  detailed  com- 
ment. C.  R.  BoHM  {Licht  u.  Lampe, 
Oct.  23rd)  contributes  a  general  article 
on  high  pressure  gas  lighting,  and  a 
recent  number  of  the  Oas  World  contains 
an  account  of  the  high-pressure  lighting 
in  the  Leeds  Market  Hall.  O.  Klatte 
(J.  /.  G.,  Nov.  1st)  takes  up  again  the 
vexed  question  of  the  relative  costs  of 
higli-pressure  gas  and  high-pressure  air 
installations,  and  presents  calculations 
sjjaring  when  each  system  has  appar- 
ently the  advantage.  J.  Roxjgier 
{Science  e.t  Art  de  I'Eclairage,  Sept.) 
discusses  modern  gas  lighting  with 
inverted  burners,  and  gives  polar  curves 
and  the  chief  types.  H.  Pfotenhauer 
(J.  /.  G.,  Nov.  1st,  15th)  has  a  mat?ie- 
matical  article  analysing  the  effect  of  pre- 
heating on  the  form  of  the  mixing  chamber 
in  an  incandescent  burner.  The  con- 
clusion is  reached  that  in  a  burner  in 
which  the  mixture  of  gas  and  air  is 
heated  on  its  way  to  the  mantle  a  conical 
expansion  and  the  mixing  tube  leads  to 
no  good  result. 

Among  other  articles  we  may  note  that 
by  R.  Granjon  (Science  et  Art  de 
I  Eclairage,  Sept.)  on  thfe  Acetylene  Con- 
gress at  Rome,  and  an  account  in  the 
Journal  filr  Gasbeleuchtung  (Oct.  25th) 
on  the  installation  of  oil-gas  in  a  Berlin 
railway  station. 
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enbau. 
E.  T.  Z. — Elektrctechniscke  Zeitsckrift. 
J.   f.   G. — Journal  Jiir  Gasbeleuchtung. 
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Cathedral  Lighting  by  OSRAMS 

A  recent  installation  of  OSRAM   DRAWN   WIRE   LAMPS 
in  the  Choir  of  York  Minster. 


'T*  H  E  arranjjement 
■*■  of  the  lightinjf  is 
such  as  to  give  tlie 
greatest  amount  of 
illuminating  power, 
enabling  the  beautiful 
carving  of  tlie  stalls 
and  the  delicate 
tracery  of  the  walls  to 
he  seen  in  all  theii" 
beauty,  and  at  the  same 
time  preserves  them 
from  deterioration 
caused  by  the  deposits 
formed  by  other  illu- 
minants. 

Write  for  list    of 

reduced  prices. 
The  general 

ELECTRIC  Co.,  Ltd. 

Head   Oifick  : 

67,  Queen  Victoria  St., 

London,    E.C. 
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TRADE    TOPICS. 


[At  the  request  of  many  of  our  readers  we  have  extended  the  space  devoted  to  Trade 
Notes,  and  are  open  to  receive  for  publication  particulars  of  new  developments  in  lamps, 
fixtures,  and  all  kinds  of  apparatus  connected  with  illumination. 

The  contents  of  these  paares,  in  which  is  included  information  supplied  by  the  makers, 
will,  it  is  hoped,  serve  as  a  g'uide  to  recent  commercial  developments,  sind  we  welcome  the 
receipt  of  all  bona  Jide  information  relating  thereto.] 


PHAROS-WELSBACH  HIGH-PRESSURE  LAMPS. 


In  the  last  niimlxr  of  this  journal  it 
Was  mentioned  that  a  series  of  Pharos - 
Welsbach  lamps  were  used  outside  the 
National  Gas  Exhibition.  The  two  illus- 
trations below  show  the  general  appearance 
and  details  of  construction  of  tliis  lamp. 
The    outstanding    features    are    the    use 


Another  point  is  the  preheating  of  the 
primary  air  by  passing  it  over  a  corru- 
gated iron  surface  heated  by  the  waste 
gases.  At  the  same  tiine  there  is  no 
possibility  of  the  air  entering  the  burner 
being  contaminated  by  the  products  of 
combustion.     The  parts  of  the  lamp  are 


General  appear.aiice  of 
Pharos-Welsbach  Lamp. 


Sectional  view,  showing 
details. 


of  a  heavy  cast-iron  burner,  with  brass 
head  carrying  a  nozzle  composed  of  a 
special  alloy,  capable  of  witlistanding 
the  high  temperature  necessary  in  the  flame 
of  a  modern  high-pressure  burner.  This 
nozzle  is  drilled  in  a  special  manner  which 
prevents  the  possibility  of  "lighting  back," 
and  makes  it  unnecessary  to  use  gauzes. 


all  strong  and  very  easily  replaced,  and 
the  special  form  of  combined  auto- 
lighter  and  governed  flashing  bye-pass 
cock  on  these  lamps  enables  the  bye-pass 
to  be  entirely  extinguished  While  the 
lamp  is  biu-ning  ;  as  soon  as  the  lamp 
is  turned  out  the  bye-pass  is  auto- 
matically rekindled. 
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It     is      stated      that      with     gas      of  The    Welsbach  Light   Co.  Ltd     (Kine'«5 

average    quahty    the     efficiency    of    the  Cross,  London.  W.C)  issue  an  attra^^fve 

lamp     IS  60   op.    per    cub.    ft.,    and  the  Uttle    booklet    descr  bing    tlLe    lamn, 

maintenance  charges  should  be  distinctly  and  illustrating  their  use  for  Sdoor^nd 

^^*  outdoor  lighting. 

ORNAMENTAL    STREET    LIGHTING. 


Streetlighting  with  Mazdalamps  in    Alba  glass  globes  on  Corintliian  stnndanls. 
(Earl's  Court  Road,  London.) 


Admittedly  there  is  much  to  be  done 
in  the  design  of  more  artistic  units  for 
streetlighting.  Many  of  the  posts  in 
use  at  the  present  time  are  not  exactly 
artistic,  and  in  any  case  the  glare  from 
the  powerful  ilhuninants  they  support 
often  does  not  encourage  closer  inspec- 
tion. 

The  aesthetic  aspects  of  streetlighting 
are  closely  allied  with  the  elimination 
of  glare  by  the  subdivision  of  liglits. 

The  British  Thomson  Houston  Co., 
Ltd.  (Mazda  House,  Upper  Tliames  Street, 
London,  E.G.)  send  us  particulars  of  an 
installation    on    these    lines    outside    the 


Brompton  and  Kensington  Electric 
Restaurant  in  the  Earl's  Court  Road. 
Each  Corinthian  pillar  carries  four  arms 
supporting  four  100-watt  Mazda  lamps 
in  Alba  clobos.  and  the  pillar  itself 
terminates  witli  a  similar  globe  contaiinng 
a  200  watt  lamp.  The  distnnce  from  the 
ground  to  the  top  c  f  the  standard  is  9  feet. 
The  globes  are  sufficiently  dense  tt> 
prevent  the  filaments  being  visible  and 
the  surface  appears  imiformly  illuminated 
all  over.  The  fact  of  the  liglit  being  thus 
spread  over  a  large  area  gives  a  resffuJ 
effect  and  soft  shadows,  and  tlie  Corin- 
thian pillar  is  of  pleasing  tiesiurn. 


BENJAMIN    STEEL    REFLECTORS. 

The     Benjamin     Electric    Ltd,      (117. 

Victoria  Street,  London,  S.W.)  announce 
that  a  special  interior  surface  has  been 
developed  which  will  in  future  be  applied 
to  Jill  Benjamin  steel  reflectors. 

This  surface  is  obtained  by  a  trans- 
parent coating  which  forms  a.  simple 
protective  surface  over  the  ahnninium 
reflecting  medium.  It  allows  all  reflectors 
to  be  cleaned  easily  and  prevents  tlie 
deterioration  in  effic-iency  which  would 
otherwise  occur.  This  novelty  will  bi» 
known  as  the  "  Ezekleen  "  reflecting 
surface. 


SIEMENS    CHRISTMAS    DECORATIONS. 

Messrs.  Siemens  Bros.  Dynamo  Works 
Ltd.  (Tyssen  Street.  Dalston)  send  us 
a  list  of  electrical  illiuninat  ion  devices 
for  Christmas,  inelndjnu  floral  decorations 
and  lamps  of  many  sliap's  and  colours, 
for  iise  in  Christ  mas-tree  dec«>rations. 
ituhuiinu  represt-ntaliims  of  fruit,  flowers 
and  birds  :  All  these  fyp's  are  prt>vided 
with  clip  contacts,  wliich  simplify  wiring. 

Wt>  have  also  to  acknowledge  tlie 
rei-eipt  of  another  Si<>mens  <-oloured 
poster — this  time  representing  an  Eastern 
young  lady  admiring  hers(>lf  in  the  still 
Water  by  the  light  of  a  Wotan  lamp. 
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CROMPTON-BLONDEL     OPEN     TYPE 
FLAME    ARC    LAMPS. 

A  readable  booklet  issued  by  Crompton 
&  Co.  (Salisbviry  House,  London  Wall, 
E.G.)  describes  the  development  of  the 
•Crompton-Blondel  Flame  Arc  Lamp. 
It  is  explained  how,  by  the  aid  of  special 
carbons,  it  is  now  possible  to  have  a 
highly  efficient  flame  arc  with  vertical 
oarbons  and  giving  a  white  light.  Some 
of  the  illustrations  show  the  use  of  such 
lamps  for  streets  and  factory  lighting  : 
others  show  special  fittings  (screened  on 
the  side  facing  the  street)  for  ovitdoor 
shop-lighting.  The  booklet  also  contains 
particulars  of  choking  coils,  raising  and 
lowering  gear,  &c. 


MERCURY  VAPOUR  LAMPS  IN 
INDUSTRIAL  LIGHTING. 

The  Westinghouse   Cooper  Hewitt  Co. 

<  151-2,  Gt.  Saffron  Hill.  E.G.)  send  us 
a  little  pamphlet  describing  the  use  of 
mercury  vapour  lamps  in  a  large  number 
of  factories  (for  aluminium  foundries, 
mines,  printing  works,  &c.).  Special 
reference  is  made  to  the  "  acid  proof  " 
type  of  silica  lamp  for  use  in  works  where 
^cid  or  other  corroding  vapours  are 
likely  to  be  present. 

Another  panaphlet  fron^  this  firm  refers 
to  the  use  of  silica  lanaps  on  power 
circuits  ;  this  is  claimed  to  be  the  only 
lamp  for  parallel  burning  on  500  volts. 
In  order  to  achieve  this  result  special 
design  has  been  necessary,  and  the  lamp 
is  a  decidedly  interesting  novelty. 


HELM    LAMPS. 

The  Helm  Lamp  Co.  (Bond  Street, 
Nuneaton)  send  us  particulars  of  their 
gas  lamps  and  appliances,  one  of  the 
latest  forms  of  which  is  shown  in  the 
accompanying  illustration.     An  interest- 


ing point  in  this  lamp  is  the  patent 
"  Switchback  "attachment,  which  enables 
the  gas  and  air  adjustments  to  be  readily 
made  with  the  lamp  in  position. 


OSRAM   LAMPS    IN    THE   ARGENTINE. 

We  are  informed  that  the  .Anglo- 
Argentine  General  Electric  Co.  Ltd. 
have  supplied  a  large  number  of  Osram 
lamps  for  lighting  the  coaches  belonging 
to  the  Anglo-Argentine  Irani  way  Co. 
These  are  of  the  usual  standard  100- volt 
type. 


MAZDA    HOUSE    NEWS. 

The  November  number  of  this  little 
publication  is  fully  iUustrated  and  deals 
with  a  variety  of  topics.  There  are 
articles  describing  the  lighting  of  shops 
and  churches  by  B.T.H.  methods,  and  a 
note  on  "  Lawn  Tennis  after  Dark." 
There  are  other  chatty  notes,  including  a 
two-page  series  of  miniature  reproduc- 
tions of  advertising  blocks  supplied  by  the 
company. 


"  Electrical  Services  "  is  tlie  title  of 
a  little  bulletin  issued  by  Electrical 
Installations  Ltd.  (27-28,  St.  Martin's 
Lane.  E.G.).  It  contains  a  variety  of 
information  on  electricity  for  heating, 
lighting  and  cooking,  including  a  special 
section  entitled  '"  Illumination  and 
Hygiene."  It  is  remarked  that  quite 
one. quarter  of  one's  life  is  spent  under 
artificial  light  :  it  is  tlierefore  important 
to  ensure  that  the  illumination  is  hygienic 
and  to  attend  to  such  matters  as  avoid- 
ance of  glare,  even  light  distribution, 
and  pleasant  shadow  conditions. 


A.  P.  Lundberg  and  Sons  send  vis  a  copy 
of  the  Electric  Light  Certificate  issued  to 
those  passing  the  examination,  held  by 
the  firm,  on  Lighting  Circuits — the 
examiner  being  Mr.  W.  Perren  Mavcock. 
M.I.E.E. 
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CHEAPER     ELECTRIC    LIGHT. 


Do  >oa  realise — 

That  the  Mazda  drawn  wire  process  has 
conquered  frajfility  and  banished  uncertainty 
of  performance. 

That  there  have  been  more  improvements  in 
Mazda  Lamps  in  two  years  than  durintj  20  years 
with  carbon  lamps. 

That  more  than  50  technical  experts  with  as 
many  more  highly  trained  assistants  are  con- 
tiimally  working  in  a  number  of  research 
laboratories  to  make  Mazda  P^lectric  Lamps 
better  and  cheaper. 

That  it  is  this  body  of  scientific  workers  that 
has  evolved  practically  all  the  important  lamp 
improvements  of  the  past  few  years. 

That  the  drawn  wire  process  was  tlieir 
development,  and  that  this  improvement  was 
first  introduced  and  employed  in  the  Mazda 
Lamp. 

That  with  improvements  in  mechanical  con- 
struction thestrength  anddurabilityof  the  Mazda 
Drawn  Wire  Lamp  have  been  greatly  increased. 

That  Mazda  Lamps  embody  radical  im- 
provements in  methods  of  exh;i,usting  which 
eliminate  blackening. 

That  the  efticienc>'  of  Mazda  Lamps  for  the 
same  life  and  candle-power  performance  has 
been  markedly  advanced. 

That  the  Mazda  drawn  wire  process  permits 
lamps  to  be  more  accurately  made. 


That  Mazda  Drawn  Wire  Lamps  are  exten- 
sively used  in  the  home  and  for  street  lighting, 
and  in  large  factories,  mills,  and  shops. 

That  they  are  vibration  proof. 

That  over  thirty  million  Mazda  Drawn  Wire 
Lamps  are  in  use  to. day. 

That  this  fact  is  the  finest  testimony  to  their 
good  qualities  and  the  satisfaction  they  give. 

That  some  fifteen  up-to-date  lamp  works  in 
different  parts  of  the  world  are  busy  making 
Mazda  Drawn  Wire  Lamps  to  supply  the 
world's  demands. 

That  the  combined  output  of  these  works  is 
now  over  a  million  Mazda  Drawn  Wire  Lamps 
per  week. 

That  they  will  all  be  w.iuted  the  tlcmand 
exceeding  the  supply. 

That  all  Ma/das  for  the  Knglish  market  arc 
made  in  Rugby. 

That  an  interesting  publication  "  Lighting 
News  "  will  be  sent  tree  on  requol  from 
Mazda  House.  77.  I'pper  Thames  Street.  K.C. 

That  by  the  exclusive  use  of  Ma/da  Drawn 
Wire  Klectric  Lamps  you  ensure  maximum 
ecc^pomv. 

That  Ma/d  I  Lamp>  are  obtainable  at  new  and 
reduced  prices  irc.m  Electrical  Conlractor)*, 
Ironmongers,  and  Stores. 
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l)olopl)ane  Cumeter. 


THE  simple,  portable,  and  accurate  apparatus  for 
measuring  illumination,  surface-brightness,  or  reflect- 
ing power. 

Can  be  carried  from  place  to  place  with  the  ease 
of  a  small  hand  camera. 

Dimensions  only  5|  in.  X  4^  in.  x  1|  in.;  case  and 
accumulators  supplied. 

Measurements  from  001  to  2000  foot-candles  can 
be    made. 


Showing  general  appearance  of  new  model  of  Holophane  Luineter. 
(Dimensions  :  5|  in.  X  4^  in.  X  If  in.) 

The  Holophane  Lumeter  is  of  value  not  only  to 
lighting  engineers,  but  to  architects,  medical  oflicers, 
factory  inspectors,  photographers,  and    many    others. 


Among  the  users  of  this  instrument  may  he  mentioned  : — 

The  House  of  Commons,  The  Home  Office  (Factory  Dept.),  The  London 
County  Council,  General  Post  Office,  Great  Western  Railway,  L.  &  S.W. 
Railway,  Underground  Railways,  The  Gas  Light  &  Coke  Co.,  St.  James 
and  Pall  Mall  Electric  Supply  Co.,  The  Union  Electric  Co.,  The  British 
Thomson-Houston  Co.,  &c.,  «S:c. 


For    all  particulars   apply  to 


HOLOPHANE,  LTD., 

12,  Carteret  St.,  Queen   Anne's   Gate,  S.W. 
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